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PREFACK 



These Aids to Physiology are intended to assist students 
to pat together the knowledge they have already 
acquired by attending a coarse of lectures on the sub- 
ject, or from the perusal of some of the well-known 
text-books. 

The author thinks that the short descriptions of the 
structure and functions of the different organs will be 
easily comprehended by all students who have mastered 
Huxley's ^IJements'; but the student must not expe'^t 
to acquire a sufficient knowledge of physiology from so 
short an epitome of the subject as the present little 
book affords. 



ADDENDA. 



Page 6, line 2 from the bottom, fl//er /element/ 
read * exgept the salts of carbonic acid.' 

Page 23. — Diastole of the ventricle of the heart 
means dilatation of the cavity by the influx 
pf blood. Systole means contraction of the 
cavity by the action of its muscular walls. 



AIDS TO PHYSIOLOGY. 



I. — Inthod uctoby. 

Phtbiologt is the sciunce which treats of the phe- 
nomena of life ; Vegetable Plijsiology relates to the 
life of plants, Animal Physiology to that of animals, 
and Human Physiology to that of man. 

The term life includes all the phenomena exhihited 
by a living creature. 

There is nothinj;; more diflictilC titan ti> give qn exact 
definition of life, but we know that anytliing is alive 
if it moves spontaneously, feeds, and, na a conseijuence, 
grows, and raultiplies. Everything that is alive does 
all tbis at some time or other. 

The movement of living tbings is of two kinds ; tho 
movement of their parts as they grow, and the more 
obvious movements which thej make {or tho capture of 
food and for their general safety. 

The former kind of movement is common tn both 
enimale and plants. The latter kind is rare in plants. 
It is seen in the sensitive plant, which closes its leaves 
when they are touched, and in ' Venus' fly-trap,' which 
closes its leaves suddenly when a fly rests upon them, 
and crushes the insect, upon which it feeds. 

Life may he latent, as in o. seed, hut the cells of the 
seed grow, move, and feed as soon as tka «k.^\ \. 





jected to the eouditions necessary for the 

of ita powers. A dead seed will do none of these things, 

under any conditions. 

The actions of an animal or plant, or of a. part of 
one, are called its functions. Growth and multiplica- 
tion, which are common to both animals and plants, 
are called Vegetative Functions ; Beneation and move- 
ment are spoken of as Animal Functiona. 

Most animals are complex in structure, and consist 
of parts having ditFerent functions ; these parts are 
called Oigans ; and the whole animal is an Organism. 

Some of the lower animals have no distinct organs, 
but consist of one kind of material ; this looks like 
jelly, hut it feeds, grows, and moves j it has no definite 
sliape, and is very soft. 

This substance is called Protoplasm, frara prolos, first, 
and plasma, a material which can be moulded, as a 
potter moulds clay. This suhstonce is found as a part 
of every aniraal and plant. 

Protoplaara has a very complex chemical composition. 
It consists of Oxygen, Hydrogen, Nitrogen, and Carbon, 
with a little Sulphur or Phosphorus. 

During its growth it undergoes numerous cliemical 
changes, and a great variety of compounds are 
formed. Some of these contain Nitrogen, like the 
Protoplasm itself ; others contain none. They all, how- 
ever, contain Carbon. 

These substances, and all the substances which can 
be prepared &om them by chemists, are called Organic 
fiuhstauces. 

It was formerly eappoaed that organic compounds 
could not be prepared except by the agency of life; but 
it is now known that many can be prepared directly 
from inorganic substances. Chemists call all carboa 
compounds, which contain more than o ' " 
oi^ania. Every other cheniiool substance is inorganic. 




n aniinnl may bo j"3tly compared to a machine, to 
a certain extent, and of all artiticial machines to a 
Btcam-engiiiB. When a steam-engine works, two things 
aca neceaaary, always presmaing the mechanism is in 
order : first, a supply of fuel ; and aecoudly, a supply 
of air. 

In the case of an animal, tlie food represents the fuel, 
and the breathiug of the animal ia the means by which 
air 18 taken in. The effect of the air taken in is the 
slow combustion of a portion of the food; and just as 
the burning of the coal supplies the motor-power of the 
engine, so the burning of the carbon and hydrogen of 
the food supplies the motor-power to the animal. 

In the case of the engine, the fire must be lighted ; 
and in the case of the animal, it must be alive. The 
engine gets out of order by working, and it cannot re- 
pair itself; the animal gets out of order by working, 
or rather tends to do so, but it does repair itself — it ia 
a self-repairing mechanism. So the engine has to be 
adjusted to do some special kind of work ; the 
animal adjusts itself to many functions — it is a self- 
adjusting mechauism. Ko other form of machine is 
either Belfrepuiring or self-adjusting; therefore it does 
not appear, to the author, tbat the animal exiiibite as 
many points of similarity, as diHereuces, when compared 
to an artificial machine. 

The textures out of which the body ia built are 
called tissues. These are divided into two great 

^ «toMe s; — 

^^^^n> The Connective Tissues, which form the anp- 

^^^^^K porting framework of the body. 

^^^^^^ The Active Tissues, by which its functions are 

^^^^^ performed. 

In the former group are the Bones, Cartilages, Ten 
doos, tbu Elastic and AceuW T\a&u.e&, wasl "0^^ "^sK'^^a 



F the Skin; in the latter, tLe Muscles, the Epithelia, 
Nervous Tissues, the Eudothelia, and the Blood. 

All the exposed surfaces of the body, both inside and 
out, are covered with one or more layers of cells ; thesa 
are called Epithelia. The various closed cavities aro 
lined with ceils which are called Endothelia. 

In a very young state every part of an animal con- 
sists entirely of protoplasm, in minute spherical masses. 
These masses are called Cells ; they are so called because 
the older physiologists only knew of them wiiea they 
had become altered by growth. 

As a rule they become altered in the following 
manner : First they get a miuute central harder particle, 
called a Nucleus — the nucleus generally contains one 
or two minute bright-lookiug glotiulea, called Nucleoli ; 
next the cell Is seen to contain numerous minute 
globules around the nucleus — these coalesce and form 
a drop of fluid ; this is called the Cell Contents. The 
protoplasm then forms a wall, the Cell Wall, around 
the contents and nucleus. The wall usually becomes 
thickened and hatduued, and so supports and protects 
the contents. 

All the parts of an animal consist, at first, of cella. 
Some of these become lengthened into fibres; some 
remain soft, and without any wall ; others develop a 
wall ; these chauges of the cells are spoken of aa 
Uitferentiation. 

The first cell of every animal is the Ovum, and the 
first stage of development consists in the division and 
subdivision of the ovum, so that a small cellular moss 
results. This mass of cells afterwards becomes a hollow 
vesicle surrounded by a cellular wall called the Blaslo- 

Tlia blastoderm soon divides into three layers, or 
envelopes. The outer is called the Epiblast, the middle 
the Jlesoblast, and the iunci tho HYpohlast Thft 




cells of these tlireo Iftjera 
dillRrent I'lmctioua. 

The cells of the outer layer form the 1 _ 
01 cellular covering of the body, all the diiTerent 
pensoiy Btructures by which we feel, see, hear, and are 
genemlly able to perceive external impreaaluna, and the 
central nervous system. The middle layer forma all 
the muscles, honey, hlood vessels, aod tissues gene mil y ; 
and the internal layer becomes the epithelial lining of 
the alimentary canal and respiratory passages. 

The tissues formed from the outer and inner layers 
ttlwaja remain cellular, and are tiie epithelia, except 
those of the central nervous system^those are called 
Merve Corpuscles. 

Epithelial Cells are of four kinds : — 

1. Squamous or Teaselated Epithelium — thin flat 
cells, usually arranged in numerous layers. 
Tessclated Epithelium covers the whole sur- 
face of the body, where it is called Epidennis ; 
it also lines the cavity of the mouth, tlie 
pharynx and the (esophagua, as far as the 
cardiac extremity of the stomach. It lines 
the urinary bladder and the vagina. Tessu- 
lated Epithelium also exists in a single layer 
in the anterior chamber of the eye, and in the 
smallest bronchi, aa veil as in the air cells of 
the lungs. 
fi Columnar Epithelium — consists of a single 
layer of columnar cells ; it is found in tbe 
alimentary canal, from the cardiac extremity 
of the stomach to the auus. It also lines the 
ducts of moat glands, 
. Ciliated Epithelium — consists of cells covered 
on their free surface with minute hair-like 




during life, Bweepiog the fluid, which 
secreted by the membranea on which they 
are found, in a definite direction. It is found 
in the respiratory passages, Le., the inferior 
and the lower half of the middle meatus of the 
i interior of the larynx, the trachea, 
and those bronchi which are more than Vs of 
an iuch in diameter. It is also found in the 
a effcreutia of the teatis of the male, and. 
in the epididymis as far as its lower end. la 
the fejnale, in the iitarus, from the middle o£ 
the cervix to the fimbriated extremities of the 
Fallopian Tubes. 
14. Spheroidal or Glandular Epithelium — the epi- 
thelial cells which line the acini of glands. 
These cells are more or less polygonal, from 
mutual preesare, and they form the vaiioue 
secretiona of the different glands. 
The epithehal cells are protective. They resist the 
nlisorption of various substances, as animal poisons; 
in the alimentary canal they take up nutrient matter, 
nad appear to exercise a selective absorption. 

They form sensory surfaces, and in f^lands prepare 
tljs various secretions and excretions of the body. 
Nerve Cells will be described hereafter. 
The other tissues are all derived from the Mesoblast. 
A. Tlie Connedke Tissues : — 

(a) Areolar Tissue, or, as it is often called, Con- 
nective Tissue, consists of a loose network of 
fibres. These fibres are of two kinds ; white 
bands which are wavy, and longitudinally 
striated. When boiled, they dissolve, and 
become converted into Gelatin, 

These form the greater part of the areolar 
tissue, but tliey are inteimixed with k few 
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elastic fibres of a yellow nolour, which ". 
unaffected by boiling. . These are spoken of 
aa Yellow Elaetic Fibres. They consist of a 
very iiidestructible substance called Elastin. 

Elastic Fibres exist without any white 
1 the Tocal cords, the ligamenta sub- 
llava of the vertebraj in man, aud in the 
ligamentum nuchie of animals ; they are very 
abundant in the tissue of the trachea and 
bronchi, as well as iu the lungs. 

Elastic fibres are also found in a variety of 
cartilage — yellow elastic cartilage. The elastic 
coats of the blood-vessels consist of plates 
of el 11^ tin. 

White fibrous tisstje, which forme the 
id ligaments, as well as the serous 
I, diiTers but little from the wavy 
bands of areolar tissue. Its fibres are, bow- 
, straight ; they are parallel with each 
other in tendons and ligaments, but cross and 
reeross in every direction in the serous mem- 
brane?, and in the periosteum of bone. 

The true skin, the cojiHWi, and the mucous 
membranes, coneist of condensed areolar tissue, 
BO dense at the surface as to appear nearly 
Btructureleas ; but quite loose, and continuous 
with the subcutaneous, oi submucous, con- 
nective tissue below. 
(E) Cartilage and bone consist of a matrix with 
numerous cells imbedded in it. The matri:c 
yields a substance, when boiled, closely allied 
to gelatin. 

la cartilage the whole matrix consists of 
nnimal matter, dissolves entirely by boilin 
and is converted into a gelatinous suhsta 
called ChonUtin 



tHEitomically tbere are four kinds of cartilage : 
(1) Cellular Cartilage, in which the whola 
subataucQ of the tissne is made up of 
polygonal celU, the matrix merely form- 
ing a thin layer of cemeating material 
"between the cells. It is not found in 
man, except in the very rudimentary 
embryo, where it forms the notoohord. 
(3) Hy alia e Cartilage has the matrix in which 
the cells are imheddeil, of atructureless 
or slightly granular material. Hyaline 
cartilage is either permanent or tempo- 
rary. Temporary cartilage becomes con- 
TQrted into bone ; permanent cartil&fje 



persists through 
perm an eat cartila 
cartilages of bone 
and the cartitogci 
the 



as cartilage. The 
;ps are the articular 

the costal cartilages, 
of the larynx and 

(3) White Fihro-Cartilage has a matrix con- 

verted in part into white fibrous tissue. 
The white fibrtMwirtilagea are the inters 
articular cartilages, the cotyloid and 
glenoid ligaments, and the small carti- 
lages which occur in the substance of 
some tendons. 

(4) Yellow Kibro-Cartilage has the matrix per- 

meated in every direction by brancbiug 
yellow fibres of elostin. It forms the 
tarEul cartilages of the eyelids, the Eusta- 
chian tube, the cartilage of the external 
ear, the cartilages of Wrisherg, the cor- 
nicula of the larynx, and the epiglottis. 
Both white and yellow fibro-cartilage 
are permanent. 
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The OSes of cartilage are ; to keep open the 
air-passages ; to serve as a luntrix for the de- 
Telopment of bone; to form the elastic parts of 
the skeleton; and to break shocks by forming 
buffers in the joints. 

The intervertebral substance is sometinics 
as white tibro-cartila^e, but it is a 
special structure, formed of whiteftbroustisaue, 
and contains very little curtilage. 

In bone, only one-third of the matrix 
consists of animal matter; the rest, of earthy 
salts, chiefly basic phosphate of lime. The 
cells of bone are much smaller than those of 
cartilage. They lie in spaces in the matrix, 
coUedLacunEe, and sendnuraerous fine branch- 
ing processes tliroushout tha matrix, which 
connect them irith each other. The canala 
in which those processes lie are called Canali- 
culL Bone is vascular, and cartilage is not, 
or is only slightly vascular. The vessels of 
bone lUQ in canals called Haversian Canals. 

The tissue of bone is either compact or 
cancellous. In the compact bane the arrange- 
ment of the Hayersian canals is very regular, 
and the lacunje are arranged in lamina!, form- 
ing cylinders around the Haversian canals. 
The cancellous bone is formed of thin plates 
forming a spongy tissao ; there are either no 
Haversian canals in these plates, OT very few, 
and the lacuna are arranged ia laminae 
parallel with the surfaces of the plates.* 

All the bones of the body, except those of 
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the roof of the skull and the face, and i 
haps the clavicle, are forraed from t 
The cartilage first becomes vascular, then t 
cartilage cells are removed aad replaced I 
bone corpuscles, from which the bone ma' 
ie developed, probably as an exudation. 

The cartilage is couverted into hone gn 
all;, the change commencing at a point 1 
the centre of the cartilage ; this spot is call^ 
B Centre of Ossification. The cartilage e 
around a centre of ossiiication are arranged S 
radiating li 



e not formed in c 

connective tissue ; | 

■e found io tl; 

bouc matrix is form^ 

ftaJd lo be de?H 



The bonea which i 

number of bone cella 
of this tissue, and tb 
by these. Such bones 

S. T!ie aclm tissues : — 

Muscle fibres are of two kinds; non-striated aig 
fltiiated. Non-striateii miiacte consists 
elongated, fuaiform ceUa, is pale in colno^ 
and forma the muscular portion of the v 
and blood vessels. 

Striated muscle ie red in colour ; it 
eists of fibres ; each fibre having a structurf 
less sheath, the Myolerama. The sheath coiq 
tains a semi-fluid protoplas 
marked with alternate dark and bright lini 
wlieu examined with a high power of t' 
microscope. After death the contents of tliij 
muscle sheath become longitudinally iibtot 
anil the individual fibres, which then fill t' 
tubOj are called fibrillu). 





The majority of the striated musclaa are 
under the control of the will ; they are, there- 
fore, caUed Voluntary Muscles. The non- 
etriated muscles are never under the control 
of the will ; they are called Involuntary 
Muscles. 

ThemuselB fihreaof the heart, the blood{which may 
be regarded as a fluid tissue), the nervous tissues, glands, 
and endothelium, will be described in difierent poitioiia 
of the book, in connection with the physiology of the 
parts. 

The student ia earnestly recommended to study the 
tissues, for himself, with the microscope, as there is no 
other way of learning them. The above notes are only 
intended as a means of putting together knowledge 
already acquired, by pointing out a few of the most 
important facts, some of which he may not feci able to 
classify in his mind sufficiently well to write a good 
paper at an examinatioD. They are only intended as 
aids ; and he must not rest eontent with the very small 
amount of information for which the author has space 
m these pages. I 

The functions of animals are classified in the foIlDirS 



V^etative Functions, common to both animals 

(o) Nutrition. — The manner in which the 
food ia changed into the sulistance of the 
animal, or into some substance capable 
of forming the material which is con- 
sumed in moving the animal. 

(5) Eespiration. — The manner in which air is 
taken in, and the products of combustion 
ore eliminated from the body. 






(c) EKCTotion. — The manner in -whicli otber 
forms of waste material are elimi- 
nated. 

((f) Secretion. — The manDer in which the 
different chemical Bubstances are pre- 
pared for use in the body ; the fluids, 
for inafcmce, which digest the food. 

(e) Eeproduction and development — The 
manner in which the young are formed 
and developed. 

2, The Animal Functions. — The manner in which, 
the animal adjusts itself to the various 
conditions under which it is placed ; 
its sensation a and movements. 

(a) The actions of the nervous system, by 
which the animatfeels and initiates move- 
ments. 

(6) Tlie action of the muscular system, by 
which the moveiuents of the animal 
are effected under the guidance of the 
nervous system. 

All complicated animals, which have different organs 
for different purposes, require a highway by which the 
various substances may be transferred from one part 
of the body to another. This is effected by the blood, 
which is contained in a system of vessels, and is moved 
by the action of the heart. This constitutes the func- 
tion of the circulation. 

As all the actions of the body depend on the circula- 
tion, it will he considered Hist. 




TThe blnod is entirely contained in tho heart and Wood 
—the arteries, capillarieB, and v 

Ihe only exception to this is, according to Bome 
autboritiea, that the Biteriolcs of the spleen open into 
iacunie, or spaces between the trabecuUe, so that the 
blood is not contained in capillaries between the arte- 
rioles and small veina of this organ. 

The blood is a thick viscid fluid, opaqne in even the 
thinnest layers. When examined hy the microscope, 
it is seen to consist of a vast number of very pale 
yellow discs, suspended in a colourless fluid. 

The discs, when seen in numbers, are red, and give 
the blood its characteristic colour. They are calJetl Bed 
Blood Corpuscles. The fluid in which they are sub- 
pended is called the Liquor Sanguinis ; it has a pale 
straw colour when separated from the corpuscles. 

Tho colour of the blood depends on that of the 
corpuscles ; it varies according to the vessel from which 
it is taken. That from an artery is bright scarlet, that 
from a vein is of a dark purple ; hence, bright blood is 
called Arterial, and dark blood is called Venous. 

"Whether the blood is taken from an artery or vein, 
it becomes solid a few minutes after it is drawn : it is 
said to Coagulate, or Clot. The surface of the clot soon 
becomes of a bright scarlet colour if it is exposed to the 
air, and the interior becomes so dark that it looks 
almost black. If it bo cut into, the cut surface becomes 
rapidly scarlet. This is due to the absorption of 
oxygeu from the air. 

The changes of colour in the blood are entirely due 
to the oxidisation and deoxidisation of a substance 
contained in tho red blood eoipusclea — Hfemoglohiii. 
This substance has a strong a&uity for oxygen, and 
absorbs it with great loadincsa. 



The cause of the interior of the blood clnt tienojning 
dark, ia thnt it contains other Bu-batnuces which take 
oxygen from liEeinoyiobin, although they cmnot take 
oxygen directly from the air. This is accounted for by 
tho theory that the ha;raoglohin converts the oxygen 
into ozona The eubatancea which deoxidise thehaiino- 
globin are such as are burnt in the body during Jifa. 

Oxidised blood is always bright, and deoxidised 
blood is always dark. 

The red blood eorpiisclea are -^-^^^ of an inch, or eight 
micro millimetres in diamt^ter — a micraiuillimetre is a 
thousandth part of a. niiUini6tre. Tliey are -j^'g^j of 
an iuch, or two micromillimfitrea, thick. 

They are composed of a sponge-like substance called 
the Stroma, denae near the surface and loose iA their 
interior. Tho stroma is permeated by a coloured fluid, 
the hceraf^lohin. The stroma is so dense near the 
Burfiice of the corpuscle, that it acts like a ctill wall. 

Tlie blood discs are naturally biconcave ; but when 
tho blood is diluted with water, they swell up anil 
become biconvex ; the addition of a salt to the bluod 
renders them more strongly biconcave. 

Tlie hiemo^'lobin soon dissolves out of the hlood 
corpuscle, if the blood is diluted with water. When 
this happens, the blood becomes transparent; it is then 
called Laky Rlood, from its colour. 

In the case of human blood, the hemoglobin decom- 
poses very rapidly, and becomes converted into two 
substances called Globulin and H^matin : if the blood 
is kept at a freezing temperature, this does not happen, 
and the hemoglobin crystallises in prismatic plates. 
These are called Blood Crystals. 

lu healthy human blood there are on an average five 
million corpusclea in a cubic millimetre of blood — a 
small Qrop. In some forms of anccmia, the numbor is 
reduced to less than a million. 



The red corpnscles have a higlip.r specific gravity 
(1088) tlian the lienor sanguinis (IQ^O), so that they 
sink in it, if it clots slowly. They are not nncli^ateil 
in man or tnammals, but in other vertebrutes they are 
nucleated like a cell. 

Their function ia to carry oxygen from the lungs 
to every part of the body. In the capillaries they 
yield the oxygen up to the tissaea ; just aa in the inter- 
ior of the blood clot, they yield it lo oxidiaablo com- 
pounds. 

There are, also, calls in the hlood called White Cor- 
puscles. These have a distinct nucleus, but no cell 
wall. When the blood ia drawn they assume a 
splierical form, aud measure n'so of an inch in dia- 
nieler; but when they are alive they are shapeless, 
andexliibit very active movements. These are spokeu 
of aa Amcebifurm, because they resemble the move- 
ments of a minute structureless animalcule called au 
amcebo. 

The movements of a white corpiiscle consist in put- 
ting out and drawing in finger-like processes from its 
surface. The cotpuaoles consist of protoplasm. In 
health there are two or three white corpuscles to every 
thousand red ones ; the number ia somewhat increased 
a few hours after a meal. 

They are probably concerned in the nutrition of the 
Hood, and are perhaps converted into red corpuscles by 
the nucleus becoming coloured, and the disappearance 
of the protoplasm surrounding it. 

The coagulation or clotting of the blood is due to a 
cLange in the liquor sanguinis. This consists is the 
formation of a network of a fine fibrous material 
called Pibrine, The fibrins entangles the fluid and 
corpuscles in its meshes, and afterwarda contracts and 
squeezes the fiuid out, bo that the clot soon floats in 
fluid. 



This fiuid is nnt tbe ?niDQ as liqnoT sanguinis, as t 
fibriue has been formed from the liquor euti^uiiiis. 
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Blood does not clot in the body, except when tbe 
blood vessels are injured : white blood corpuscles then. 
accumulate in great numbers at the injured epot, and a 
clot is formed. The use of this clot is to prevent 
bicmorrbage from the injured vessels. 

Blood which escapes into cavities in the body doea 
not generally clot, but rnmaiuB fluid. 

When blood is drawn from the body into a kind of 
test tube made of a piece of healthy blood vessel, it 
will not clot, even wheTi exposed to the air, unless some 
foreign body, as du^t, falls into it. Blood always clota 
vhen it cornea into contact with any inorganic surface, 
and generally the surface with which the blnod ia in 
contact must be coveted with cella, or the blood will 
clot. 

The blood does not clot in the body after death, 
except under exceptional circumstances. It srimctimea 
forms colourlesn clota in the heart and great arteries, 
immediately before death, and coloured clota form 
lound the colourless ones, after death. 

Before the blood clots, there is a tendency for the red 
corpuscles to adhere together by their flat surfaces, like 
piles of coins. These piles are called Eouleaus. 

The result of this is that the red corpuscles sink more 
rnpirlly than they otherwise would ; at tbe same time 
the white corpuscles rise to the surface \ hence there ia 



a tendeocy for the clot to consist of two layers — an 
up]>er white and a lower red atratiim. The white layer 
is very thin, and in normal human blood it is not per- 
ceptible, as the process of clutting is so rapid that the 
red corpnscks have no time to sink. 

lu blood drawn in inflammatory diseases the clotting 
is much slower, and the surface of the clot ia covered 
by a white layer, the BofTy Coat. A bulTy coat is also 
formed in some other conditions, when the white cor- 
puscles are very iiutnerous, and the red ones sink too 
quickly, as in anasmia. 

The blood, and perhaps the liquor sanguinis, contains 
all the different substances inquired for the nourish- 
ment of the body. The principal of these is albumen. 

The serum, after the formation of the clot, contains 
so much albumen that it becomes as solid aa the white 
of an egg when it is heated to a temperature of 73* 
Cent. 

Beside albanieu and the conetituenta from which 
fibrin is formed, the liquor aanguinis contains salts of 
various kinds, chiefly chloride of sodium, phosphates of 
lime and magnesia, and carbonates and sulphates of 
Boda and potash. The potash of the blood, however, is 
chiefly contained in the blood corpuGcles. The alkaline 
carbonates predominate in the blood, so that it has an 
alkaline reaction. This alkalinity is connected with 
the solution of the albumen. 

Beside the substances nnmed, there are others in 
much smaller quantity. These are called Extractives. 
Some are undoubtedly on their way out of the body, 
as urea and kreatin, and result from the wear of the 
(Uranism ; others, as sugars and fata, are probably con- 
cerned in the production of animal heat and movement. 

One of the most remarkable facts connected with the 
blood is, that whatever we may eat or drink, it remains 
nearly constant in qnaatitv voi^ wialci!^ . \i^'V'ti^i^N(> 




eonBtitntea one thirteenth of the weight of the body. 
" a specific gravity ie 1035. About two-thinla of the 

eiybt of the blooi! consist of red corpuscles, and one- 
third of liquor saDguiais. 

When the corpuscles from a thousand grains of blood 
are dried they weigh 130 grains ; the dry albumen 70, 
the Balta and extractives about 15 grains. 

IIL — Thb Heart asd Blood Vessels and tiib 

ClItCULATlOS, 

The heart is a double organ, consisting of two auricles 
and two ventricles — an auricle and a ventricle on the 
right, and an auricle and a ventricle on the left sidei 
These pairs of cavities are very similar on the two aidea. 
The right pail contain venous, and the left pair arterial 
blood. 

In the fcctna the right and left auricle communicata 
through the foramen ovale, but this closes soon after 
birth, and then the only communication between the 
two BtJoB of the heart is through an entire set of blood, 
vessels. 

Starting from the right auricle, the blood has the 
following course : it pitssea through the tricuspid valve 
into the right ventricle ; from the right ventricle 
it ia distributed to the Innga through the pulmonary 
artery. In the lungs the blood is oxidised, and returns 
to the left side of the heart by the pulmonary veins, 
which open into the left auricle. This ia called the 
Lesser or Pulmonary Circulation. It must be observed 
that the blood in the pulmonary artery is venous, and 
in the pulmonary vein ia arterial. 

From the left auricle it passes tlirough the mitral 
valve into the left ventricle; from the left ventricle it 
passes into the aorta, which distrtbutea it to the whola 
bud^. In the capillariea of the ayatem the blood givea 





lip ita oxygen and becomes venous ; it tbeii passes intc 
the veins and back to the right auricle. This is calleil 
the Greater or Systemic Circulation. 

Beside the valves between the auricles and ventricles, 
there are three valves at the orifice of the pulmonary 
artery, and three at the orifice of the aorta. These are 
called Semilunar, from their shape. There are also volvea 
in the veins of the system, wherever these are auhjecLed 
to intermittent pressure from muscular action. 

The movement or circulatioa of the blood is caused 
by the action of the heart. The auricles contract 
suddenly, and force the blood which they contain 



into the ventricles. The whole contraction of the 
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lively slowly ; the whole time of the 
occupying about four or five tenths of a secona. Ai 
the commencement of the contraction of the ventricles 
the blood geta behind the auriculo- ventricular valven, 
and t'luBCB them, so that no blood passes back into the 
nuciclea. The ventricles empty themselves, the right 
into the pulmonary artery, and the left into the aorta. 

The force required to propel the blood through the 
systemic circulation is about three times as great as 
that required to send it through the lungs : so the wall 
of tlie left ventricle ia about three times as thick as that 
of the right. The two aurictea contract at the same time, 
and the two ventricles also contract at the same time ; 
that is,thB auricles and ventricles contract synchronously. 

Each pul.'^tion of the heart is accompanied by two 
sounds. These are distinctly heard when the ear ia 
applied to the cheat — immediate auscultation — or by 



n etethoscnpe — mediate auscnltation. They 
are well described by the syllables liib dup; then 
follows a pause, during which no sound is heard ; this 
lasta nearly the same time as the two sounds, and then 
the sounds are repi?ated. The long sound, lub, is called 
the First Sound^it is heard during the contraction of 
the veutriclos ; the Second Sound, diip, is hoard at the 
end of the contraction of the ventricles, during the 
closure of the valves at the mouths of the great 

The first sound is ascribed by dilTerenfc authoritiea 
to one or all the following causes : the contraction 
of the w.ills of the veutriclos, the closure of the 
auricuto- ventricular valves, and the rush of blood 
through the aortic orifice. The second sound is 
ascribed to the closure of the aortic valves, and to the 
vibration of the blood in the aorta, from the suddea 
stoppage of the stream from the heart. 

Synchronously with the first sound, the apex of the 
heaTt strikes against the wall of the chest, in the fifth 
intercostal space, about an inch inside a Hue drawa 
downwards through the left nipple : this is the Impulse. 
The force of the impulse varies with the position of the 
body. It is stronger in the prone than in the supine, 
or in the upright position ; it is also stronger during 
expiration than during inspiration. 

The heart, in the healthy human adult, makes abont 
75 pulsations in a minute ; at birth it makes 140, at 
three years 100, and in old age only about 60 or less. 
In children and women the number of pulsations varies 
more tlian in men, and the heart beats more rapidly in 

The rule throughout, in warm-blooded onimala, is 
that the smaller and the more active the aniniitl, the 
more rapid the pulsations of the heart, This lule 
appMta to the human being at difl'ereut ages. 
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The rate of the heart's action increases slightly agwu 
in extreme old age. 

The pulse at the wrist is nearly eynehronous with tho 
first sound of the lieart. It takes a perceptible, but 
very short time for tile arterial pulse to travel from the 
heart to the peripheral arteries. 

The pulse ia caused by a sudden increased distension 
of the vessel, which is already distended, from the 
increased blood-pressure due to the contraction . of the 
ventricle. The arteries are increased both in diameter 
and length by this means. 

The pulse is a wave in the artery — it can be acca* 
rately observed by the Sphygmograph. The wave 
travels at the rate of about thirty feet a second. 

Sometimes the pulse appears to be double— Dicrotic 
Dicrotism is usually due to a relaxed condition of the 
mnscular coat of the arteries. 

The arteries lead from the heart. They are thick- 
walled vessels, which do not collapse when they are 
cut They contract and empty themselves in the body 
after death, so that all the blood is found in the capil- 
laries and veins. The name artery means air-tube, and 
was given to them, from this circumstance, before the 
circulation of the bloud was understood. 

The veins lead to the heart. They are thin-'iTallcd 
vessels, which collapse when they are cut. Tho aggre- 
gate capacity of the veins ia about tliree times that of 
the arteries. 

Both arteries and veins have three coats. 

The outer of Iheae is a connective- tissue coat ; it ia 
called the Tunica Adventitia. It is chiefly developed 
in the largest arteries. In these it serves the same 
purpose that the net does over the india-rubber ball 
of a epray apparatus — it prevents the artery from 
being too much stretched when the heart Mia it with 
blood. 



The middle coat is composed partly of platea of 
yellow elastic tissue, and partlj' of non-striated muaole 
fibres. It is called the Tunica Propria. In the large 
arteries the middle coat is almost entirely elastic, and 
in the small ones almost entirely muscular ; in moderate- 
sized arteries, like the radiul and ulnar, it is paiilf 
muscular and partly elastic. 

The functions of the middle coat are to keep up a 
continuous pressure on the blood, and to regulute the 
amount of blood sent to each organ. The first function 
is performed by the elastic tissue, the second by the 
muscle fibres. 

As the largest arteries must take all the blood sent to 
them by the heart, they do not need to regulate tha 
supply. This ia done by the heart. 

The quantity of blood sent to the different organs at 
ilifTcrent times, ia regulated by the muscular coals of 
tba vessels which supply them. The oonditioti of tho 
muscular coat is regulated by the sympathetic nerves. 

Tiie elaetic coat of the arteries is always more oe 
less distended. The pressure which it exerts on tha 
blood is the cause of the blood- pressure, and of the 
peculiar characteristics of arterial hffiinorrhage. It 
keeps the blood continuously flowing through the 
capillaries in the intervals between the successive con- 
tractions of the ventricles. The blood-preesiire is highest 
immediately after the contraction of the left ventricle ; 
it becomes gi'adually less until the commencement of 
the next contraction. 

The blood-pressure has been measured in the aorta 
of various auiniala by joining the cut carotid to a 
U-ahaped tube, one limb of wliioh contains mercury. 
Such a tube is called a Manometer. 

The blood.preesuro in tbe aorta has been calculated, 
in man, to be eijual to from eight to twelve inches of 



The blood-pressaTe in tlio arteriea is maintained hf 
the contractions of the ventricle, and is expended in 
forcing the blood tlirangh the capillaries. The causes 
of the variations in the blood-preesure are the force 
and number of the contractions of the ventricle, the 
quantity of blitod sent into the vessel by each con- 
l^ctioD, and the size of the capillaries. 

The application of cold to the skin, hj contracting 
the capillaries, raisea the blood pressure in the arteries. 
A warn) bath, by dilating the capillaries of the skin, 
lowers the blood pressure. Exercise, by accelerating 
the heart's action, tends to raise the blood -pressure ; 
hut it does not do eo in health, as the size of the capil- 
laries is regulated by the nerves of the blood-vessels, 
and the nerve centres in the medulla, go that the 
arteries do not get over- distended. 

The third coat of an artery is culled the Tunica 
Intima; it consists, in the large arteries, of a tube of 
elastic tissue and in the small ones of a. structureless 
meuibrane, lined by a layer of smooth cells. These 
cells are called Endothelial Cells, to distinguish them 
from epithelial cells. 

In both arteriea and veins the internal coat is im- 
pervious to blood, eo that the outer and middle coats of 
the vessel have small blood-vessels culled Vaaa Vasorum, 
These ramify in the outer coat and dip into the middle 
coat with the nervi vasoruuj, which supply its muscular 

The largest arteriea have often a sheath of conneotiva 
tissue outside the tunica adventitia. This is the sheath 
of the artery. It is opened to tie the artery. 

When a vessel is tied, the tno inner coaU should be 
ruptured by the ligature, the outer coat remaining intact. 
This is easily done, as the elastic tissue is always brittle ; 
it favours the formation and subsequent oi^aniaation of.l 
the clot, and the permanent cIosuiq of thfi Q.xte^. 





Aa the arteriea ramify, the diameter of each 'beootfi^ 
Ipsa, but the uaited ecctional area of the branches be 
eiinca greater. Hence the blood fiowa more elowly in 
the small branches than in the larger ones. 

The mean rate of the flow of blood in the aorta of 
man, is about twelve inches per second ; in the capil- 
laries it is no more than I's of an iacii ; that is, 
the blood goes 3G0 times as iast in the aocta aa in the 

The aggregate cross section of all the capillaries is to 
tbat of the aorta as 1 to 360, or neurly as a day to a 
year. 

The whole time it tikes fur any given blood corpuacle 
to pass through the entire circulation from the heart 
and back is, in round numbers, about half a minute. 
The distance traversed in the capillaries is very shoi^ 
probably less than rnn of an jnch. 

The capillaries are about s-^z of an inch in diameter, 
and are composed of a single layer of very thin fusi- 
form cells, dovetailed togetlier, as it were, by serratiuos. 

Exchanges take place between the blood and the 
tissues through the capillary walls, both of oxygen and 
carbonic acid, and of nutrieut material : the wliite 
blood corpuscles have also been seen to pass through 
the capillary wall. This probably takes place con- 
stantly in iuflammation. 

The circulation can be seen with the microscope in 
the capillaries of the transparent web of a frog's foot. 
The white blood corpusclas travel close to the walls of 
the vessels, and appear to tag behind the red ones, aa 
if they adhered to the wall of the vessel. 

The capillaries form a close net-work in all the 
vascular tissues. This net-work is closest in the lungg, 
in glands, and in the mucous membrane of the small 
intestine. It is widest in the conaective tissues which 
Itayo so vork to perfotm. 



I of tbe capillarios nndergoea conRidenible 
nhau^e in a part, Tbey are largest when it ia funclion- 
ally active. Their size depends entirely on the size of 
the arteriea supplying thoni at the time, as they liave 
no contractile coat, like the small arteries. These 
changes are entirely passive. 

Veins differ from the corresponding arteries in being 
&1}out three times as large, and in having thinner coats, 
which contain a very large quantity of white fibroua 
tisane ; hence they are tougher and leas elastic. All 
those which are subject to intermittent pressure have 
valves ; these have but one flap in the smaller veins, 
and two in the larger. 

The veins serve not only to conduct the blood back 
to the heart, but the systemic veins are a kind of store 
place for surplus blood ; they are so large that they 
will hold all the arterial blood, as well as their own. 
This is seen in the dead body. In death by suffocation 
the blood is not able to pass through the lungs, and the 
heart pumps all the blood it contains in its left side 
through the arteries into the veins ; hence the great 
venous congestion and disteotion of the right side of 
the heart observed after death in this manner. 

The veins of the abdomen are so large, that syncope 
may be prodaced, by the sudden dilatation of the 
arteries, permitting the flow of blood into the abdominal 
veins too suddenly, as surely as by blood-letting. A 
Bndilen shock to the sympathetic system of nerves will 
do this, by allowing the muscular coat of all the blood- 
vessels to dilate. 

The blood-pressure in the arteries is expended in 
causing the blood to flow tljTongh the capillaries, so 
that there is only a very small pressure in the veins. 
During the dilatation of the chest in the act of inspira- 
tion, the blood is sucked towards the chest from the 
great veins ; lience, if one of these is vjo\3.U'i'»i.,m ^Sla^ 
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te drana !nto the vessel, and ao find its way 
hnart. Sudden deatli is tlm rBsnlt of this ncoidBH 
the blood is found frothed up in the heart. 

A very small air-buhhle causes death in this 
the BGcideat has occutted in amputnting at the aha 
joint, and speeial precautions must be taken 
operation to prevent it. 

The circulation is chiefly due to the contractiona of' 
the ventricles, but the returu of the blood by the veins 
is assisted by the intermittent pressure of the moscIeB. 
This squeezes the blood &om a Bi'gtnent of the vein, and 
its return is prevented by the closure of the valves 
hehind, BO that maseular pressure always helps the 

Unlike the muscular coat of the blood-vessels, tli9 
'wall of the heart is compoeed of a form of striated 
muscle fibre. This is red in colour, and differs from 
ordinary voluntary muscle in having no sarcolemmft, 
and in the smallness of its fibres. These consist of 
oblong muscle-cells united together by a connective 
substance into fibres, which form a network with each 
other- 

For the general and relative anatomy of tlie heart, 
the student must dissect a heart and read its description 
in some work on anatomy. 

The rhythmic pulsations of the heart depend on a set 
of ganglia in its substance. If you take a piece of 
muscle from a frog immediately after it Js dead, and 
then pass a curreut of electricity iuto it for a very small 
fraction of a second, the muscle will contract ; if you 
repeat this at intervals of a second, or rather less, the 
muscle will contract each time ; and this is just what 
the heart will do if you leave it alone. 

The nerve-cells in the heart stimulate it regularly, 
not by a current of electricity, but by some chaoge in 
the nerves which is not ^uite understood, fjir Jamea 
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Paget long ago euggeated that tha nerre-oella of tho 
gaoglia Qre corstnnily being charged with some force 
aa the result of their nutrition, and that this force 
JB discharged periodically into the muscle of the heart 
as soon aa it reaches a certain tension ; hence tho coa- 
traccion. 

If the heart is kept at the right temperature after 
it ia cut out of au BDimal, it beats aa if in the 
"body — that is, its rhythm remaiua the same. Tho heart's 
rate of action is, however, regulated in the body by the 
pneumogastrtc and sympathetic nerves. 

The former causes the heart to beat more slowly than 
it otherwise would. When both pueumogastrics are 
cut, the heart goes on much faster than before ; when 
these nerves are stimulated they pull up the heart, and 
if the stimulatiou is suflicient they stop it. The pueu- 
mogostric nerves are said to inhibit the heart's action ; 
they act as the reins act on a horse in the hands of a 
ekilful driver. 

Certain other fibres which go to the heart accelerate 
jta action ; these are called the Accelerator Fibres. 
They run through the sympathetic, hut are connected 
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IV. — The REBPiKATiotT. " I 

Air is drawn into and expelled from the lanijs about. . 
fifteen or sixteen times in a minute in the adult. This 
la effected by the movements of the wall of the chest, 
and the diaphragm, In childteii, tte x'i.a'ji.-^a.'i.'OTi. ^ 
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quicks. One reBpimtion corresponds to from four to 
live pulsations of the heart in health. When the 
heart-action is aeceleratetl, the respiratory movements 
are also accelerated. Any deviation from this ia ab- 
normah 

Inspiration ia the act of drawing air into the chest. 

An ordinary inspiration is such a ona aa we make 
unconsciously in ordinary breathing ; an extrsordinaiy 
inspiration is such a one as we make 'when we take a 
deep breath. The ordinary muscles of inspiration are 
those used in the ordinary act ; the extraordinary mus- 
cles are tliose ^hich are called into play to take a deep 
hrcath. All the musclea which are able to raise the 
ribs help to expand the cavity of the chest. The 
ordinary muscles of inspiration are the diaphragm, 
external intercostala, and the levatores costarum. The 
chief extraordinary muscles of inspiration are the pec- 
torals and Berratus magnua. 

The diaphragm dftscends in inspiration, but always 
remains convex towards the chest ; the central tendon 
does not move, aa the pericardium ia firmly attached to 
it. The descent of the diaphragm causes the abdominal 
wall to bulge. The diajihragm is forced back in expi- 
ration by the elasticity of the abdominal muscles ; the 
rihs descend by the elasticity of the coatal cartili^ea. 

Expiration, or the expulsion of air from the cheat, in 
the ordinary act of respiration, is the result of elaa- 
ticity. 

There are probably no ordinary muscles of expiration, 
When we expel more air from the chest than we are in 
the habit of doing in the ordinary act of respiration, i 
bring into play all those muscles which press on the 
cavity of the abdomen, and so force np the diaphragm, 
aa well as all those which draw the ribs dowm TbesQ 
are called extraordinary muscles of expiration. 

The internal inteicostals and the triangularis steini 





are tlio first that net, nnrl tlii^sQ are BOtnetimea callcJ 
DFiliDary niuscles of expiration. 

In cliildren tlie act of respiration is eliiefly per- 
formed by the diaphragm. This ia often called abdo- 
minal respiration, as tbe wall oi the abdomca rises aod 
falls with the movement of the diaphragm. In men 
the movement is more in the lower ribs, inferior costal, 
and in women in the npper ribs, pectoral respiration. 
These are spoken of as the three types of respiration. 

The lungs occupy the greater part of the cavity of 
the chest. 

Each Inng is inclosed in a serous sue, the pleura. 
The root of the lung consists of the bronchus, the pul- 
monary and bronchial arteries and veins. 

The bronchus, when it enters the lung, divides into 
branches, like a tree ; these branches become smaller 
and smaller, until they reach a. diameter of ^^ of an 
inch ; each then divides several times, but the branches 
become no smaller. 

The extremities of the smallest bronchi terminate in 
the air-sacs ; a small group of air-aacs bound together 
by fine elastic tissue forms a lobule of the lung. The 
air-sacs are of the same diameter as the bronchus, from 
which they arise, at the extremity next the bronchus, 
but they enlarge towards their other extremity ; hence 
they are called Infundibula. 

The wall of an infundibulum is a very delicate mem- 
brane, which is sacculated over its whole surface. Th»l 
sacculi are called Air-Cells; these air cells are abt 
Tu of an inch in diameter. 

The outside of the air-saca is covered by a verycli 
network of smnll capillaries, uniting the pulmont 
artery and vein ; a single layer only exists between 
each pair of adjacent air-cavities, bo that the blood baa 
air on both sides of it. The air-sacs are lined by a 
delicate pavement epithelium, aud awi \»M.-ii.i \Rfaiiiss» 
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by a very fine net-work of elastic fibrefl. The BmaHeafc 
WoDclii uunsist of a memhr.iiie like thai forming the 
iDfunilibiila, nod they are lined with the same kind o£ 
epithelium ; hut they have, in addition, on the outaido 
of the raembranous coat, a layer of non-striated muecie 
fibres, obicfly arranged aa circular fibres, runuing round 
the bronehus : it is the apaBraodic; coutraation of these 
fibres which produces spasmodic asthma, These are 
again surrounded by elastic conaective-tisaue, the 
external coat of the bronchus. 

The larger bronchi have circular cartilaginous ringa 
in the external coat, and they are lined with ciliatfKl 
columnar epithelium, resting on several layers of sphe- 
roidal cells. It is usual to speak of this arrangement 
as Stratified Ciliated Epithelium. 

The bronchi between the smallest and the largest 
present transitional charactera : the cartilaginous rings 
become irregular in shape, and are found at Inst 
oidy at the angles of bifurcation, as small triangular 
plates. 

The whole tissue of the lung is very elastic, bo tha^ 
08 soon aa air is admitted to the cavity of the pleura, 
the lung collapses. The use of this elastic tisaue is to 
cause the whole of the air-cells to enlarge and contract 
with the enlargement and contraction of the cavity of 
the thorax. If the lunga were not elastic, the air-cells 
would be dimininhed in volume on the surface of the 
lung only, when^the chest is diminished in capacity in 
expiration. The elasticity of the lung may be said to 
assist in the expiratory act. 

The exchanges between the blood and the air talca 
place by the passage of gases and water through tbo 
walls of tlie luug-oeljs anrl capillary vessels. 

The lung is nourished by the bronchial arteriea, 
brnnchcHof the thoracic aorta, and tlieir blood is returneil 
j>art)_y hf the bronchial veins into the superior inter- 



costal anfl Rzygoa Teins, and partly by the pulmonary 
veins to tlie k'ft side of the Iieart. 

The nvcrage amount of air changed with each ordinary 
respiration, in a healthy adult maie, is thirty to forty 
cubic inches, and about five or teo cubic inches less is 
the average in women. Tliis air is called Tiilal Air. 

Tfie whole quantity of air that can be changed at a 
respiration, when the inspiration aud tbe expiration are 
as great as possible, is called tlie Vital Capacity. In a 
healthy man of live feet six inches, this is 317 cubic 
ioches. You must add or subatract eight cubic iuchos 
foi each inch of stature, more or less than this. 

Besides this, there is more than 100 cubic inches 
of air in the chest which cannot be expelled. This ia 
called Eesidual Air. The air which is capable of 
being expelled after an ordinary expiration is called 
Eesorvo Air ; that which is able to be taken in after 
an ordinary inspiration, Coiiiplemental Air. 

T. — CsiSGES IS THE AlR AND BlOOD IN THE LdMI 

Ordinary pure air contains 21 per cent, of oxygen. 
There is only 16 per cent, of oxygen in the expired 
air ; the quantity of oxygen absorbed by the blood is 
equal, therefore, to 5 per cent, of the whole volume 

Tbe place of this oxygen is taken by an equal volume 
of carbonic anhydride. Tbis of course contains a volume 
of oxygen equal to that absorbed. 

The air is warmed in the Inngs, and is expired at the 
temperature of Lhe body, or very nearly at the tempera- 
ture of the body, about 37° Centigrade ; it ia also 
saturated with moisture. 

The changes in the blood, in the lungs, are as 
follows : it absorbs oxygen, which combines with the 
Bubstanco of tbe red corpuscles ; it gives u^ c^ui'cif^'cits. 
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aeid, wlieli is dissolved in the '. 

loses water, and is probably cooled aboat c 

a degree Centigrade. 

The average weight of Wood which passes througli 
the lungs, in an ndult, in a luiaate, is between 12 and 
24 pounds ; the average amount of air is 120 to 150 
cubic inches, weighing about 30 grains. 

The cooling of the blood, to heat this quantity of 
air, would be less than could be measured ; the amount 
of heat given up by the blood in the lungs, small as it 
is, must depend almost entirely on the formation of 
watery vapour, which requires a large quantity of heat 
to form it. 

The quantity of oxygen absorbed in twenty-four 
hours, averages in a healthy adult about 10,000 grains ; 
this measures 18 cubic feet. As only 5 per cent, of 
the air is removed, this shows that 360 cubic feet of 
air pass through the lunga in twenty-four hours. 

As the changes belweon the blood and the air depend 
OD the difference in the quantity of carbonic acid and 
oxygen in the air taken in, and in that in the lunge, it 
is obvious that suffocation would result from breathing 
the same air over again, just as rapidly as if no air 
were taken in. 

For health an adult requires at least 800 cubic feet 
of well-ventilated space, and this is allowed in gaols j 
in hospitals from 4000 to 8000 feet should be allowed. 
A very small diminution of the normal amount of 
oxygen is very deleterious to health. 

The movements of respiration are reflex. The 
pneumogastric nerve supplies the tissue of the lung, * 
and any increase of the (juanttty of earhonic acid in the 
blood, or in the lungs, acts as a stimulus to the 
respiratory act. The motnv nerves are the branches of 
the cervical and brachial plexus and the duisal iuteiv 



Injury to the spinal cord, above the origin of the 
phrenic uervea, cuts off all t)ie tcBpiratorj iieives 
betweeu the medulla, where the centre of the tespirti- 
tory act ia eituuted, and the miisdes; hcuca dealh 
occura at once by the arrest of the respiratory act. 

Tlie sounds of speech are produced by the air, which 
is flont from the lungs with varying degrees of force, 
setting the vocal cords into vibration. 

The quality of the sounds, in sponking and stngi&g, 
IB produced by the varied tension of the vocal curd.s, 
the size of the opening in the glottis, the size and 
shape of the mouth, and the position of the tongue 
and soft palate, as well as by the force and quantity of 
the air set in motion by the respiratory muscles. 

Coughing is a sudden expulsion of air. This is 
cfiected by hrst approximating the vocal cords, and so 
closing the rima gloltidia, and compressing the air in 
the lungs. Then the vocal cords are separated, and tbo 
air rushes out suddenly. 

Sighing is a long deep inspiration, sneezing a sudden 
expiration through the nares. Laugliiiig is aQ inter- 
rupted expiration caused by vibrittoiy opening and 
olusiug of the vocal colds. 

VL — Animal He&t. 

Man and the so-called warm-blooded animals keep 
the temperature of the body at a constant standard. 

In man the normal temperature in health is between 
37° and 38° Cent.— 98-0 to 100° Fahr. The former 
is the normal temperature in the axilla ; perhaps the 
latter is a little exceeded by the blood in the right side 
of the heart, which ia the hottest in the body. 

Whatever the temperature of the air, this teinpoMtura 
IB maintained. 

The source of heat ia the com\i\iui\lQ'aci'L'Cwa-^s«*Jsr>ai,. 



of the body with oxygen. The temperature is rognlateil 
by the evaporation of water from the surface and in the 
lungs; when the temperature rises above the normal 
gtandard, more blood is ^ent to the skiu, sweat is formed 
01) the surface, and the evaporation of tliia cools the 
body. 

The amount of hea.t formed in the body is also 
variable, and depends on the nourisbment of the body, 
the amount of exercise taken, and probably on the 
condition of the nervous system. The question is, 
however, very complex, and cannot be entered on more 
fully here. 

The use of fur in animals, and of clothing in man, is 
to protect the body from too )rreat a loss of heat. 

Air is a had conductor of heat, but it takes heat 
away from the body bj;_ convection; the clothes and 
fur keep the air from jaqvib";^qyBr the surfice of tbe 
body, RO that the lipat cannot escape. Lif,'ht woollAb 
tcKtures are warmer than inoro closely woven stuffs, aa 
the latter conduct heat to their surface, and so lose it 
by parting with it to the air. 

m VII.— Food. 

r 1, Inorganic Food: Water and Table Salt, No. CL 
Oxygen is considered by some as a form of food, 
but 8B the respiration is distinct from the nutrient 
functions, it is better not to consider oxygen aa a. food 
Rl all, but OS the supporter of the oombustive processea 
of life. 

2. Organic Foods: Divided into nitrogenous and 
niiu-nitrogenous, 

(a) mirogeiuyus foods are the various forms 
of albumens, called Proteids, because- 
they all yield a. ultemical body, called 



Alfaaminona oi proteid coinpounda are 
found in both animal and vegetable 
food ; from the former we have albumen, 
from blood, and from the eggs of birds ; 
syntonin and fibrin, from muscular tissue 
(lean meat) ; and caedn from milk. From 
the latter, gluten from wheal-flonr, and 
legumia from the seeds of the legumi- 
nosa;. Ail vegetable food contains a 
percentage of some form or other of 

Gelatin is a nitrogeaous animal prin- 
ciple, but its value as food is not great ; 
consider that it is absolately innu- 
tritious. It ia not a protoin-jieldisg 

(5) Noiv-nUrogenous fooda 

There are two classes of non-nitrogenouB 

(1) Starehes and sugars, which have 
tlieir oxygen and hydrogen in the 
proportions to form water, and of 
which the carbon only is available 
for the production of heat and 
motion. 

(1!) Oils ajid fats : compounds cf fatty 
acids with glycerine, in wliich there 
id an excess of hydrogen over the 
quantity which would form water 
wit)) the oxygen of the compound. 
In these both carbon and hydrogen 
are available for oxidisation and the , 
production of heat and movement 
A strong man who works hard reiiuires about ten ' 
iiuwa of caibmi, and about IIum Vi\u;i>L'K^ <^iua» (j* 



nitrogen in his food during twnnty-four lioura, in Bucll a 
form as cau be incorporated witli the blood. 

Btead eoutaina thirty per cent, of carbon and one pet 
cent, of uitto^^en, and lean meat has ten per cent of 
carbon and three per cent, of nitro^nj n mixtnre of 
the two ia therefore a proper and economic form of 
diet. 

If man feeds on bread only, he lias to eat at least 
four pounds to get the necessary aniouut of nitrogen, 
and he takes twice as much carbon as he wantx. If 
he feeds on meat only, he must eat about six pounds to 
get tiie requisite amount of carbon, and be takes six 
limes the quantity of nitrogen he requires. 

In either case he taxes the excretory organs to get 
rid of the unnecessary portion of hia food. 

Ia cold climates more, and in hot climates les9, cai'bon 
is necessary. A portion of fat is also nece.saary, appa- 
rently heeause it aids some part of the iligo^tive pro- 
cess. Vegetable foods, especially green vcgntables, are 
necessary, owing to the potash gaits they contain ; theic 
absence gives riae to scurvy, 

VIII, — The AuMKNTARr Canal. 

The alimentary canal consists of the mouth, the 
pharynx, the cesophagus, the stomach, and the intes* 
tines. 

The teeth ate permanent and temporary. The tem- 
porary set are called Milk-Teeth; they are twenty in 
number; four incisors, two canines, and four milk- 
molare in each jaw. 

The central incisors aro cut first, those of the lower 
jaw appearing above the gum before those of the upper 
are erupted ; they are cut about seveu months alter 
birth; the lateral incisora ate cut about the ninth 
jni>i)thj the £i'St molots at (he end of the lirat year, tiia 
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8 at the eighteenth month, and the Becond luolaf 
at the end of the second year. 

The first permanent teeth appear behind the 

terior milk-molars ; they are the tii'st permanent mnlara. 

They are erupted before any of the milk-teeth are shed, 
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A child of six has therefore twenty-four teeth ; 
twenty temporary and four permanent teeth. EewHre 
of mistaking the first pernmnent molars for milk-teeth, 
or you will get into trouble. 

The milk-teeth ore then ehed, and replaced by 
permanent teeth in the following order : the central 
incisors in the suventh year, the lateral inciaors in the 
eighth year ; the first milk-molars are replaced by the 
anterior bicuspids in the ninth, and the posterior milk- 
molars by the posterior bicuspids in the tenth years ; 
the canines are replaced hy permanent teeth about the 
twelfth or thirteenth year. The second permanent 
molars appear at twelve, and the third permanent 
molare, or wisdom-teeth, are seldom erupted before the 
eighteenth year, and olten do not make their ap^iear- 
ance till ten years later ; they are also frequently never 
developed. The full complement of teeth in the adult 
ie therefore thirty-two. 

The milk teeth are developed from pnpillffi, which 
appearin a groove — the Denial Groove — on the alveolar 
edges of the jaws. The papillse afterwords become in- 
closed in capsules formed from the primitive dental 
groove. They are developed io these capsules, and are 
erupted by the simultaneous growth of the teeth and 
the ossification of the alveoli. 

The twenty anterior permanent teeth succeed the 
milk-teeth, and are developed from a portion of the 
corresponding papilla, which becomes separated from 
the rest before the formation of the milk-tnoth, and in- 
closed in a cavity in the ja.'w — ^the Cot'\\."j tS- '^^MW't, 




Tlie posterior permanent teeth i 
papillte derived from tlie pajiiila of the tooth imme- 
diately Iq frout of them. 

A tooth consists of a crown, and a root or fang ; 
between the two is the neck of the tooth. The tooth 
consists of a substance called Dentine, or ivory. In the 
centre of the dentine is the Pulp Cavity, whiuh cootaius 
a plexus of vessels, a nerve, and a number of cells — 
pulp. The dentine of the crown is covered by Eoainel, 
that of the root by Crusta Betroaa. At the neck of the 
tooth both the enamel and the crusta petrosa become 
very thin, and their edges meet. 

Dentine consists of a hard matrix, permeated from 
within outwarls by minute dictiotomously branching 
dentine tubules. The average diameter of the deatiQe 
tubulea is jiob of an iuch. They contain processes of 
the cells lining the pulp cavity ; these cells have the 
same relation to the deutiae that the bone corpuiiclee 
have to bone. 

Enamel is the hardest suhsUnce in the body ; in the 
fidly-developed tooth it has only 2 per cent, of animal 
matter iu it. It consists of hexagonal prisms, placed 
perpendicularly to the euifoce of the dcnLine; these 
run through the whole thickness of the euameJ, but are 
not more than TTiVa of an inch in diameter. 

Cru£ta petrosa has the same structure as bone, but 
there are no Haversian canals, and the lacunas are larger 
and less regular in their distribution ; they are atao 
fewer in number. 

The tongue consists of muscular tissue of the striated 
kind, arranged in bundles called Linguales, and of 
larger muscles, which unite it to the Jaw, the liyoid 
Ijone, and the styloid process of the temporal bone. 
The muscles have glandular tissue anil fat betwctta 
them, and are iuclosul in the mucous membrane oi the 



The liagnales alter the form of the tongue, and ore 
therefore ealted Intrinsic Mtiscles ; the other iniiacles 
move the tongue as a whole, and are caUed Extrinsic 
Muscles. ' _ 

The tongue ia divided into two Lalvco by a flhroaiFV 
Beptnm running vertically from the tip to the base, " 

There are two sets of longitudinal linguaiea ; an 
upper Bet, which rua from the tip to the base of the 
tongue, immediately under the mucous membrane of its 
dorsum ; another set are situated near the inferior part 
of the organ. These sets are separated from each other 
by transverse lingualea, which arise in the septum and 
extend to the edges of the tongue. A fourth set run 
■vertically from the mucous membrane of the dorsum to 
the under surface of the tongue. 

The mucous membrane iias simple papillic all over it, 
and three kinds of compound papillm on tlie dorsum. 
^ese are Filiform, Fungiform, and Circumvallate. 

The filiform papilla are organs of touch, and end in 
niiinerous filiform prolongations composed of epithelial 
cells. The fungiform papillte are chiefly situated at the 
tip and edges of the tongue. Tlie circumvallate papilla) 
are very large fungiform papilUe. 

There are about seven cireumvallate papilla;, forming 
a V-shaped line at the back of the tongue; each is 
eurrounded by a groove. The fungiform and circum- 
vallnte papillte are organs of taste. 

The articulation of many sounds is connected with 
the shape and position of the tongue. It is an oi^an 
of taste and of deglutition. 

The pharj'nx is a muscular sac suspended from the 
base of the skull, It consists of the three constrictor 
muscles, which are red and striated ; it is lined ' 
mucous membrane oontiuuous with that of the mou 
and uares on tha one liand, and with that of the larynx iJ 
I Asd eeaophagaa on. the o^uit. 



Between Qie niusolea and the muoonB membmne thera 
is a layer of fiiicous connective tissue. T)iia is ihick 
and dense above, but grailuaily tliina away below; it 
is called tlie pharysgeal aponeurosis. 

The cesopliagus has three coats: an e.itcrnal connec- 
tLve tissue coat ; a middle musculaT coat, consisting of 
pale non-striated muscle, arranged in two layers — an. 
external longitudinal and an internal circulaT layer.* 

This diiipoBition of the muscle fibres is the same 
throughout the rost of the alimentary canal. 

The upper part of the muscular coat of the cesophagua 
contains a number of striated muscle fibres continuous 
with the inferior constrictor muscle of the pharynx. 

The third, ormncous coat is arranged in longitudinal 
folds : it has ntinterouB racemose mucous glands studded 
over it, and the oeaophagtis is lined with stratified pave- 
ment epithelium, like that of the mouth. 

The stomach is a dilatation of the alimentary crdbL 
Its wall is composed of three coats, like the cesophagm 
The external connective coat is, however, very thin, 
and the whole ni^an ia covered by the visceral layer of 
the peritoneoni, which may be said to take the place g[ 
the connective coat of the OBsophagns. 

It is usual to speak of the external coat of the 
stomach as peritoneal, and to regard the connective 
tissue as a portion of the peritoneal coat — sutipGritonenl. 
The muscular coat consists of an external longituiliual, 
a middle circular, and an internal oblique layer. 

The oblique layer is most developed at the carilittc,. 
T cesophsgeal end of the stomach ; the circular ia luosi 
dfeloped at the pyloric, or duodenal end of the or^n. 
This ktler forms the sphincter of the pylorus, and i»> 
gnlates Mie passage of the food from the slonjach to Ihe 
iDLeaLinb 

The mucous membrane of the stomach is corrugated 
boUi Jougittiilinally and laiculaAj, q^lw^^^ Ni\iaa 



drgnn la very luuch distemlcil ; it ia also Lonfiy- 
cotiiliK J ull over ila aui'fatii with minute pits, wbicli cuu 
be easily seen with a pocket lens. Tliese are uut ob- 
literated by over-distension of tbe stomacb. It is covered 
by a aingle layer of columnar epithelium, exccjit for a 
short distance from the opening of the resophagus, 
trhBFe the epithelium is like that of the gullet. 

The mncoiis membrane consista of closely-packed 
tubular glands or follicles, several of which open into 
each honeycomb-like depiessioa on the surface ; theee 
ore the gastric glands. 

The intestine has the eame coats as the stomach, 
except that the muscular coat has only two layers, aB 
in the cesophagus. The mucous membrane has special 
characteis in ditferent parts of the intestioo. The 
eecond and third parts of the duodenuui, the ciBcum, 
the ascending and descending colon, and a great part of 
the rectum, are not surrounded by peritoneum, 

IX. — Chakges op thb Food m tub Mouth. I 

Tlie food in the mouth is subjected to the action of 
the teeth and the saliva — Mastication and Insalivation. 

Mastication is effected by the actiuu of the ilat 
crowned molars and prcmolai's, A lateral and back- 
ward and forward motion ia given to the inferior 
maxillary bone by the pterygoid muscles, aud the food 
is kept between the teeth by the action of the tongue 
and the buccinator muscles. A trouhleaoiae symptom 
in facial para] jsis is that the food slips iloiva between 
the cheek and the lower jaw, so that it cannot be pro- 
perly masticated. 

At the same time that the food is triturated between 
the molar teeth, it ia mixed with the saliva from four 
principal paira of salivary glands — the parotids, the 
submaxillary, the sub-lingual, and the iaU^-lvi^ial. 



glanfls, Beaide tliese, tLcre are smaller glands studded 
over the macous mombr.iiie of the tuoiitli. 

The salivary glands are of the type of gland called 
Racemose, They eonsiat, like the pancreas, Urunner'a 
glands in the diiodEnum, and the mammary gland, of a 
litanching duct, tho terniinatious of which are mem- 
btanoua eacs called AcinL The duct consists of three 
coats, an epithelial liuing, a middle muscular coat, and 
an external connective tissue coat. 

The acini are formed of thin structureless raemhrane. 
They are lined with glandular apheroidnl epithelium, 
and are covered on their outside hy a close plexua of 
cnpillariea. Several acini are bound together to form a 
lobule of the glaud. 

Under ordinary circumstances, glands are pale, bat 
wheu they are actively secretiiig, they become red, by 
reason of the much larger quantity of blood which 
passes into them. This change is due to tho dilatation 
of the arteries which supply them. In tho case of the 
salivary glands, this results from the stimulation of the 
sensory nerves of the mouth and tongue. 

This stimulation is transmitted by the sensory nerves 
to the laedutla, and is reHected by the facial aud its 
branches, the greater and lesBer petrosal and chorda 
tympani nerves, through the otic and submaxillaij 
ganglia. 

The arteries nf the gland arc normally ke])t in a state 
of contraction by the synipatlietic nerves which supply 
them. Tlie action of the ganglia Hppears to be to 
neutralise, or inhibit, the action of the sympathetic, so 
that the arteries dilate. 

The thought of, or amell of, food acts similarly throngh 
tile medulla on these glands ; the movements of tho 
mouth, in speech and mastication, also stimulate thd 
salivary glands to increased action. Certain poisons in 
He blood, 09 iodiJes and mercury, give rUe to profuq^. 




RaKvary secretin' 
lutioii of the ^'litnd. 

The piirotiii saliva ia the inoBt copious and the most 
vstery. It is pf)uied.iuto the month by Steueon's ilucb, 
'whioh opeaa in the cheek on a. level with and juet oiit^ 
eide the tiret moiar tooth in tlie iipptr jaw. Tlie saliva 
from th.e otlior glands is more viscid and loss aliundiuit 
than that of the parotids. 

Parotid saliva has on! j about six p^irts of solid matter 
in 1000 parts. The saliva from all the glands is a!ka- 
liue, and its solid matter consists of salts, mucus, 
ptyalin, and sulphocj'anide of potassium— the latter 
substanco in very minute quantities. 

The active principle of the saliva is ptyalin. It acta 
on the starch of the food, and converts it into grape 

The other uses of the saliva are tlie solution of the 
sapid particles of the food, thus enabling us to taste, 
and the mechanical softeniug of the food, enabling it 
to be swallowed. It also keeps the moutS moist in 
speaking. The sniphocyanide is supposed by some to 
prevent the growth of fuDgi in the interior of the 
mouth. 

The quantity of saliva secreted in the day is about 
3 pounds. 

X.— Deglutition. 

The act of Deglutition, or swallowing, is divided into 
three stages. The first is the passiige of the food 
through tlie mouth as far aa the anterior pillars of the 
fauces ; this is voluntary. The food is pressed back- 
Wards between the tongue and the hard palate, by 
placing the tip of the tongue against the upper and back 
part of the front incisors of the upper jaw, closing the 
niQUth to fix the hyuid boue, and forcing the tongue 
from before backwards against the hard palate. 
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The spcond part of tlieact is altnoat entirely reflex, 
mid when once fairly commenced ij entirely beyoud ths 
control of the will. 

The food, passing the aatcrior pillars of the fances, 
sets lip a complex series of reflex acts. The larynx la 
raised and pulled forwards, so that the epiglottis is 
pressed against the back of the root of the tongue and 
is ao closed, the tongue overhanging the glottis for the 
more secure protection of the air-passag& The epi- 
glottis is held down fay its depressor muscles, and the 
rimii glottidis is closed by the approximation of the 
Tocal cords. 

That the root of the tongue is sufficient to prevent 
the passage of food into the larynx is shown by the 
act of sivallowing being safely performed by persona 
who have lost the whole of the epiglottis by ulceration. 

At the same time the posterior nares are cut offirom 
the pharynx by the raising of the soft palate, tliB 
approximation of the posterior pillars of the fancea 
to each other, and the drawing forward of the posterior 
wall of the pharynx by the contraction of the palato- 
pharyngeal muscles, which lie in the posterior piliars of 
the fauces. 

The way being thus prepared, the food passes down 
the back of the tongue, being hibricated in its passtq;e 
past the tonsils by their viscid mucous secretion, and ia 
seized, and contracted upon, auccessively, by the con- 
Btrictora of the pharynx. 

The third stage is the passage of the food througli the 
tDsophngus. This ie effected by a peristaltic contraction 
of the ccsophagUB, commencing above ; the food, which 
forms a hoius, is successively grasped by the circular 
fibres from above downwards, whilst the tesophagua la 
drawn upwards by the contraction of its longitudinal 

J-'JiiIdi are swallowed in the sime nw.nncr aa solida j 



bot it is more difRcult to swallow them if the meehaniflm 
ot deglutition is disturbed in any way, as the c<.DLmc- 
tiona of the muscular tissue of the pharynx niid 
(Bsophayus mnat be exactly perfo/med, or they eaciipe 
iiito the mouth and uares. 



XL — Digestion in the Stomach, 

After the food enters the stomach it is acted upon by 
the gastric juice, and is kept in continual movemcut hy 
the action of the muscular coat of the stomach. The 
whole contents of the stomach are churned with a 
rotatory movement towards the pylorna along the 
greater curvature, and back aloug the lesser curvature 
of the organ. This continues as long as any food 
remains in the stomach. 

The changes which the food undergoes are partly of 
a mechanical nature, and partly chemical. An ordinary 
meal requires from three to five hours for complete 
deration in the stomach. 

The tubular glands of the stomach are of two kinds : 
Pftptiu Glands, which occupy the whole surface of the 
inucoua membrane, except about one-fifth near the 
pylorus, and Mucous Glands, which occupy this fifth. 

The peptic glands consist of a short tubular duct, at 
the bottom of which there are several follicles contain- 
ing large cells {Peptic Cells) ; these secrete the gastric 
juice. The mucous glands have a long duct, and 
rudimentary follicles without any peptic cells j they 
probably secrete mucus only. 

The gastric juice consists of water, small quantities 
of salts from the blond, an active fcrraent-like body 
called Pepsin, and hydrochloric acid. Pepsin ia a 
powetf'd solvent of albuminous tissue, in the presence 
of hydrochloric acid, but ia inert in neutral or alkaline 
fXtlutioDS, 
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AR«r death the gastric juice rnpidly dissolves tho 
coats of the etoniach. It is supposed that the reiison 
why the gastric juice does not dissolve the atoiuiich 
during life, is th^t the mucoua tnenibraiie is kept alka- 
line by the ctrculiition of the alkaline blood. 

There is pepsin in the secretion of the gastric glands, 
in the glands themselves; but the gastric juice only 
becomes acid at the orifices of the glands. The origia 
of the acid is at present uDknown ; it appears to be 
formed on the surface of the mucous membrane. 

Gastric juice is secreted in lai^e quantities during 
stomachic digestion. About twenty to thirty pounds iire 
formed duriii<r the day, so that a large meal probably 
requires about fifteen pounds of gastric juice for ite 
digestion. 

As the etomach only contains a pint of two of this 
fluid at most at a time, it is being constantly absorbed 
by the veins of the stomach as it is secreted. In this 
way, whatever is dissolved id the gastric juice ia rapidly 
absorbed,* and finds its way at once into the blood. 
All the soluble substances in the food are so absorbed. 

The albumen of the food is first coagulated by th« 
formation of lactic acid, at the expense of the sugar and 
starcli, unless it has been first solidified by cooking. 
It is then dissolved by the pepsin and converted into 
a substance called Alhuminose, or Peptone ; io this 
form it is absorbed by the capillaries and veins of tho 
stomach with the gastric juice. 

Peptone differs from albumen in not being solidified 
in the preaeuue of an acid; it is not coagulated by 
heat, but the most important physiological ditferonce ia 
that it is ua]iable of passing tlirough an animal mem- 
brane, which albumen is incapable of doiug, except to & 
very limited extent — that is, it ia dialysable ; the 
peptone is recouverted into albumen lu the blood, aad 
ia BO retained in the ciicuktioo. 




I of starch into grape-atigar, begun in 
the montli under the influence of the salivii, continuca 
slowly in the etomach. About one-third of the albumen 
of the food 19 disBotved, converted into peptone, and 
aliBorhed. The connective tissue of muscle is dissolved, 
the fat is set free from its connective and albutninaus 
envelopes, and tlie whole of the digestible food which 
is not absorbed is converted into a grey creiimy fluid 
called Chyme. Thia is passed little by little through 
the pylorus into the duodenum. 

Bolid indigestible masses of food are passed into the 
duodenum only after many Lours, and are frequently 
vomited up rather than pussed. Much dyspepsia has 
its origin in the want of proper mastication. Children 
and old people are especially apt to bolt their food; 
bence itshnnld always be properly reduced to a mince 
before they are allowed to eat it This is especially 
important with young children. 

The presence of food in the mouth or stomach excites 
the secretion of the gastric juice; the wall of the 
stOniaeh becomes redder, from the larger quantity of 
blood sent to it as tbe result of inhibition of the action 
of the vasomotor branches of the sympathetic. This is 
a reflex act, similar to that which has been described 
in the case of the secretion of saliva. 

Sir. — Strdctubb op the Small Iktestisb. 

The small intestine is divided into three parts. The 
first, the Duodenum, is about eiyht inches in lenylh; 
the second, the Jejunum, is eight feet; and tbe third, 
tbe Ileum, is twelve feet in length. 

Except the duodenum in the second and third parts 
of its course, the whole is inclosed in peritoneum, and 
the jejunum and ileum are attached to tbe spine by a 
ibid of peritoneum called ibe meaciAKi^ . 



The mnsculat coat lias the eamo ohSractera throngU- 
out t)ie small iDteetino, and consista of an external 
loDf^iUidinal and aa internal circular layer of non- 
striated mHscle fibre. 

The mucous coat differs in different portions of the 
tube. It is thickest in the duodenum and jejaDiira, 
and thinnest in the ileum. It is covered thickly with 
villi throughout, anil it is also thickly set with tubular 
glands, called Lieberkuhn's follicles : the duodenum 
lias also numeroua Tacenioae glands called Bruaner's ; 
these ai'e not found in the jejunum or ileum. Lastly, 
the glands of Peyer are only found in the lower part 
of the ileum. 

The mucous membrane in the lower three-fifths of 
the duodenum, throughout the jejunum and in the 
upper half of the ihium, is thrown into transverse folds, 
which cannot be obliterated by stretching the intestine 
— -Valvulse Couniventes. They are largest in the lower 
part of the duodenum, and gradually diminish in size 
and number in the jcjunuoi and ileum. 

The valvulfe conuiventea do not any of them entirely 
encircle the bowel ; they are crescentio folds, but they 
overlap each other, so that the interior of the bowel is 
everywhere covered by them. The largest project half 
au inch into the tube; their purpose is to increase the 
surface for the absorption of the digested food, and to 
delay its passage through the small intestine. 

The villi look to the naked eye like the pile of velvet; 
they are largest where the valvulm conniventea are 
largest, and are smallest where these are absent or least 
developed. They are flattened papillio, and each cour 
tains a capillary plexus aad a small lacteaL 

The whole mucous membrane is covered by a single 
layer of columnar epithelium. 

iietveea the mucous membrane and the muscular 

t there ia a layer of loose Goaaei^via tieaMa — ^tha 




iubmvicous Tissua This contains a plexus of blnod- 
veasela, and a plexus of voricoao lactnals connected, ou 
the one hand, with the lacteals of the villi, and on the 
other, with those of the mesentery. 

Tlie mesenteric lacteals converge, and, aRer passing 
through the mesenteric glaods, empty themsQlves into 
the Keceptaculum Cbyli, the commencement of tiie 
thoracic duct, at the root of the mesentery, 

Peyei's patches consist of minute vesicles arranged in 
oblong patches. Tliey are situated on that portion of 
the intestine which is furthest from the mesentery, have 
their long axis in the direction of the length of tho 
"bowel, and measure from half an inch to three inches 
in length, and from a quarter of an inch to three quar- 
tera of sn inch in width ; they hooome ulceratei in 
typhoid fever. 

lie vesicles of which theae patches are formed con- 
tain a large number of colls, like white blood-cells ; they 
are ductless glands, and prolrahly have some relation to 
the lymphatic system, as they are closely surrounded 
by the lacteal plexus. 

The Bubmueoua tissue also contains a plexus of sym- 
pathetic fibres and cells ; this is called Meissnar'a 
Plexus, after its discoverer: the peristaltic movements 
of the intestine are perhaps due to the action of this 
system of nerves and nerve-cells : it is to he regarded 
OS the intrinsic nervous system of the intestiac. 

The duet of the pancreas, and the common bile duet, 
open together into the duodenum in the second part of 
its course. ^H 

XIII. — Digestion is tde Small Intebtise. *^| 

After the chyme passes into the dimdenum U is 
mixed with the bile and the secretion of the pancreas. 
Lilc is the Bccrctiun of the U\et. l'a.\isa.'a,"i\s,iJi.* 




5i 



bright orange colour when pure, but becomes green hy 
oxidisation. It is neutral in lenclioa, au<I contains 
from ten to twelve per cent, of solids. The following 
18 the composition of the bile : 
Eilin : seven parts. 
Choleaterin ; one to three parts. 
Mucus and colouring matter : two to three parts. 
Salts : about half a part, and water to make up 
100 parts. 

Bilin consists of glyco- and tanrocholate of soda. It 
forma soaps with free fatty acids. It is estimated that 
66 ounces of bile are secreted iu twenty-four hours. 

Tlie secretion of the pancreas ia strongly alkaline, 
and contains three active principles. These used to be 
called pancreatin. Ooe of these suhstauces acta on 
starch and converts it into grape-sugar. 

A large quantity of the starch of the food is uii' 
changed by the saliva ; this passes iuto the iutesttne, and 
is dissolved by the pancreatic secretion. 

The second active principle acts on albumen, and 
digests the residue lefl undigested in the stomach ; the 
third splits up the fata of the food into fatty acids and 
glycerine. 

The fatty acids form soaps with the biliu and the 
free alkali of the panci'eatic secrution ; this is the cause 
of the emulsiHcation of the chyme, which becomes 
white and opaque, and ia then called chyle. 

The secretion of the glands of the mucous membrane 
of the small iutcstine is of a yellow colour; it ia 
strongly aikalioe, and probably assists the secretion of 
the pancreas iu the solution of the aHiumens of the 
food. It is called Succus Euterious. 

The changes which take place in the albumens under 
the iuiluonco of tJiis secretion and that of the paucrena 
Bj-e very complex. A stibstanco allied to casein, the 
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albnmen of milk, ia foimed, together with a nambei 
of wuste products. 

The reader is referred to Dr. Frwter'a work on physio- 
logy fur full iaformatioo on this subject, and to Cuok's 
Tablets for & very rooJ renume. A knowledge of the 
chemistry of the process ia only required in the hij^her 
exsmiuationa. 

Absorption in the intestine is partly efiected by tho 
capillaries of the villi, and partly by the lacteals. 

The emulsiBed fats are not dissolved, but are held iu 
suspension by the fluid of the chyle. They form what 
is called the molecular basis of the chyle, aud are 
absorbed by the epithelium of the villi, from which the 
particles pass into the lacteals, togetlier with the albami- 
uoits lluid iu which they are Buapoodtid. 

The villi are aurrounijod by a lay^r of non-striated 
mnacle tibre immeiliatcly beneath tiie epithuliura. They 
consist of spongy tissue caJleil Adenoid Tissue,* and 
become turgid with the absorbed chyle. The muscular 
fibres then cuntr.iet and Ibrce the chyle into the sub- 
mucous lacteals, from which it passes into the mesenteiic 
lacteals, and ai'tet travsrsiug the mesenteric ginuds, into 
the receptaculnm chyli. It then passes through the 
thoracic duct, and so into tho venous system. 

The thoracic diiqt opens into the junction of the left 
JDgular and subclavian veins. 

The chan^'es which the chyle undergoes in its passage 
irom the villi of the intestines to the veins are as 
follows : Before entering the niesentorio glands, it is 
an albuminous fluid, with an abundance of molecular 
fat and very few cells, like white blood-cells, derived 
from the tissue of tho villi ; it coagulates by heat, but 
does not coagulate spontanuously. After passing 
tbrongh the mesenteric glands it coagulates spon- 
taneously, and far more rapidly than blood ; this is 
* See structure al Ijmn^txn f^'a&«> 




duo to the formation of fibrin-yielding materials, Tie 
iiunibei of white cells is also greatly incTeased. 

Ill tbe thoracic duct the chyle becomes diluted by 
the odinisture of the lymph : it is believed that the 
wliite cells of the chyle become converted into red 
blood corpuscles, and the chyle in the upper part of the 
thoracic duct is of a faint rose colour horn, the colora- 
tion of the cells it contains. 

The mixed lyniph and eliyle move through the 
thoracic duct, during active di^^estion, at the rate of 
about twelve inclies a minute. The chief cause of tbia 
movement is the absorption of fresh chyle by tlie 
Gmalleat lactcab, and of fresh lymph by the lymphatics 
of the tissues. 

The flow of chyle and lymph through the thoracic 
duct is aided by the existence of valves like those of 
the veins. Tbe flow is also aided by the peristaltic 
contraction of the muscular coat of the lacteale and 
thoracic duct. Tbe whole structure of tbe tubes i^ tbe 
same as that of the veins. 

It is also thought that the flow of blood through the 
Bubclavian vein exerts a suction on the contents of tbe 
thoracic duct, and bo aids its movement. 

It is estimated that about thirty pounds of min-jled 
lymph and chvie passes through the thoracic duct 
into the blood in the twenty-fom hours. Of course the 
gienter part of this is lymph. 

The only difference between the lyrapbatio! and the 
lacteala is that the latter contain an opaque fatty lluid, 
derived from the cavity of the intestine, and tlie former 
Contain a clear fluid derived from the tissues. 

The origin of the lymph ia from the blood. The 
fluid portion of the blood exudes through the walla of 
capillaries, and so bathes all the tissues, Tliese remove 
a great part of the dissolved solids for their own mitri- 
tjon; and the water, with the remains of the dissolved 




BoliJa, passes Imcic to the blood tliiough the lymphatics 
as lymph. 

The passage of the food throu^'h the small inteatiue 
occupies on au average about twelve hours, and. during 
tfaia passage the greater part of the nutrient material is 
absorbed ; the waste residue passes through Lhe ileo-csecul 
valve into the ciecum, where it remains some time auil 
undergoes chemical changes. It is here tha^ it tlraC 
acquires the character of lances. 

During the pass^o of the fasces through the large 
intestine, water and soluble nmterials are absorbed, ami 
the peculiar secretion from the tubular glands of tlie 
large intestine is added to them. More water is ubsorlred 
from them ihaa is added to them, so that they beuome 
Bolid. 

The digestive and absorbent power of the large in- 
testine is very small, but the partial absorption of 
nutrient enemata proves the exiatence of this func- 
tion. 

The fiEcea consist of the undigested residue of the 
food, the residue of the bile, and the secretion of the 
tubuliip glands of the lai^e intestine. The average 
weight of the ficces in man is Hve ounces in the twenty- 
four hours'; but the quantity ia subject to very gioat 
vai'iatioQS. 

XrV.— The Liveb. 

The liver ia the largest gland in the body ; in an 
adult man it weighs from three to four pounds. 

It differs from other glands in its chief supply of 
tilood being venous. The vena porta ia formed by the 
junction of the splenic and superior mesenteric veins, 
atid OB the splenic vein receives the inferior mesenteric 
vein, all the blood fiom the spleen, the stomach, aud 
intestine parses thiough the liver before it leaches the 
general circuUtion. 




Aiier pasaiDg through a special set of capillat 
tlie liver, the blood of the portal vein 
lirauches of the hepatic veins, hy which it is Ci 
into the hepatic veins and ioferior c 

The easiest method of describiog the structure of the 
liver is to begin with the hepalic veiDs. These divide 
and subdivide, nntil they form the Bub-lobiihir veins. 

The branches of the sub-lobular veiua are iutra-lobular 
veins ; each is surrounded by a lobule of the liver. 
These lobules are surrounded by a net-work of fine 
veins, the ultimate branches of the portal veios; these 
are called intei-lobular, because they ore between the 
lobules. 

The portal vein enters the transverse fissure of the 
liver with the hepatic artery and duct, and tliese three 
structures are surrounded by a connective tissue ahealh 
called the Capsule of Glisson. 

Tlie hepatic artery sujiplies this sheath with blood, 
as well as the couuputive tissue ami capsule of the liver ; 
it empties its blood partly into tho portal, and paitly 
into the hepatic veius. 

The hepatic duct has the same course as the portal 
Tcin, and terminates iu a plexus of minute vessels, which 
surround, but do not enter, the lobules. 

The capillaries of the liver form a rodiating plexus 
in each lobule, uniting the inter- and iutra-lobular 

Tlio lobules of the liver consist of cells tu'"B of an 
inch in diameter. Each cell has one or more nuclei, and 
contains oil globules and granules of brown pigment ; 
they ore arranged in a radiating manner, between the 
capillaries of the lobule, around the iutra-lobular vein. 

When a portion of the liver is cut across, the portal 
Tcins, being loose in Glisson'e capsule, empty thenselves 
and collapse. The hepatic veius are adhcicnt to the 
//'yer tissu^ and therefore remain open. 



The fanctions of the liver are Ihe conversion of eer« 1 
tain constitueute of the foud into a combustible materiul' J 
called Glycogen, and the excretion of bile. 

The first is called the glycogenic function of the livervj 
Glycogen is a enlistance allied to starch, and 
cosverlible by fenaenlation into grape-sugar and aloa 
hoi. It is not, however, converted into grape-sugar ii 
the healthy human body, although it is posaiblc that it 
is converted into eugar in diabetes. It is probably, 
narmally, either oxidised for the production of heat and 
work, or converted into fat. 

Glycogen is derived from the grape-sugar formed in 
the diKBstive process and absorbed by the vessels of the 
stomach and intestine ; and it is also derived, though in 
less quantity, from the albuminoae absorbed by the 
I »iine vessels, and possibly also from some of the con- 4 
j stitaents of the hlood : the nitrogenous residue ofl 
tliese substances being couveited into urea, or una i 
acid. 

The bile must be regarded as a residual product, 
I formed partly in the assimilation of viirious mati-riala 
' into glycogen, and partly from the waste material of the 
' bloiid and tissues; It appears proljable that tile bilin 
' ie in part, at least, re-absorbed in the intestine, aod re- 
I excreted by the liver. Dr. Brunton thinks that this ia 
'! shown by the marked diminution of bile for some days 
i after the intestines have been rapidly emptied by a 
; purge. 

' Theqnantity of bile, 56 ounces, formed in the tweiity- 
, four hours is either over-estimated, or the hiliu is in 
I part re-ahsorbcd. 
' XV.^StcnETiox. 

Secretion is the process by wliich the various lliiiJs 
' are separated from the blood, either for use in the 
Mi^iuani, or fui elimiuatiuu liom tLie bi^d.^. 




The ealiva and the gastric juice are examples efVhs 
lormsT class of fluids ; these are called secretions ia tfl& 
more restricted seose of the term. The sweat and tba 
ui'iue are examples of tlte latter ; they are called excre- 
tions because tliey are formed to be excreted or elititt' 
nated from tbe body. 

Both secretions and excreta* are derived from tbe 
blood, and are separated from it by the epithelial cells 
of glands. 

The conBtitueots of the excreta esist in the blood, 
and are separated from it by tbe agency of the excreting 
cells. The constituents of the secretions arc formed in 
~ the secreting glands. 



XVI.— Mile. 

Milk is a very eomples and typical secretion, formed 
for tlio nourishment of the infant. 

Milk contains all tlie constituents of food, la tha 
pi^oper proportion for the nutrition of the infant. 

The composition of milk is as follows ; A thousand 
parts of milk contain about IIU parts of solid and the 
rest consists of water. Kather less than half the solid 
matter is sugar of milk, and nearly a third ts casein, 
a form of albumen in combination with soda; hence 
casein is usually called alkali albuminate by chemists, 
Abont a quarter of tlie solid matter consists of butter, 
a peculiar form of fat ; and two parts in a thousaud 
consist of the various salts of the blood, 

A portion of the sugar of luillt is very easily converted 
into lactic aciil ; the milk becomes sour, and as a con- 
sequence the alliumen solidihcs — cui'ille& The residue 
is called whey. 



The milk is normally cnnlled in the atomanh hefiro 
its casein is converted into pejitoQe by tlie gastric juice. 

The butter exists in tlie Diilk in molecukc p.-irticles, 
which can be seen with high powers of tlie microacope. 
It is this which renders the flaid semi-npitque. 

Secretion differe but little from ordiniiry nntrition. 
The cells of the gland take certain constitnenta from 
the blood, and form the aecrelion with these. The 
secretion is then either exnded from the cell: 
cells themselves burst and degenerate, and are suc- 
ceeded by fresh cells. 

Tlie former process appears to be the more asual. 

Many of the cells of the mammary gland under 
diaiiitegration during the formation of milk. 



XVII.— The KioNEra. 

The most typical excretion is the urine. It is ii>rmeil 
ty the kidneys, which are compound tubular {glands. 

The kidney weighs about five ounces in the male, 
and the leit kidney is usually a little Ueaviur than the 
right. 

The kidney is covered by a thin fibrous capsule, 
contiunous with the outer coat of the ureter. This 
capsule sends very delicate fibres intn the interior of 
ilie organ for the support of the gland tissue ; it is, 
however, easily stripped off by tearing the connections 
between it and the tibroua network of the interior of 
the organ. This leaves the surface of the kidney 
slightly Rronular. 
' The organ is seen in section to consist of two parts ; 
a very vascular cortical portion, and a paler, less vas- 
cular medullary portion. 

The medullary portion consists of from ten to sixteen 
pyramids, arriinyed with their apices towards the hilua 



of the organ, and theii bas«8 towards the sarfoce. Ob- 
serve that the p^rramids are entirely separated from «ich 
other, and from the surface of the kidney, by coTtical 
eulistance. 

Tlie apices of the pyramida are seen projecting into 
the cahcea of the kidney. The caiices unite to form the 
expanded upper end of the ureter, called the pelvb of 
the kiduey. 

The pyramida consist of straight dichotomfiusly 
branching urine tubes. These consist of a fine mem- 
brane lined with columnar epithelial cells; they are 
from aJn to lin of an inch in diameter. 

Except a few nearly straight vessels, which branch 
like the urine tubes, and a httle connective tissiiH, tha 
urine tubes form the whole substance of the pyramids. 

At the bases of the pyramids some of the urine 
tubes turn hack and form loops before they finally leave 
the pyrjniidH : these are the loop tubules of Henle; 
tbey are of smaller diameter than the rest of the uriua 
tubules. 

The cortical portion of the kidney also consists in 
great part of the urine tubules : after these leave the 
pyramids they become much convoluted, but they da 
not bi'anch. They terminate in spheroidal capsules 
about three times the diameter of the tubes; these are 
the Miklpighiau Capsules, 

The renal artery enters the kidney by the hilua. It 
breaks up into numerous branches, which pass at ones 
into the cortical substance between the pyramids. 

The arteries then branch iu the cortical substance 
somewhat after the fashion of an csiialier." They give . 
ell some branches which pass at once iuto the pymmids, 
and end iu capillaries in the usual way, but the 




majority reroain in the eortical portion of tlie ItidneJ 
and end in the Malpigliian tufts. 

These are contained in the Malpighian capRiilea. 
The artery enters the capsule at the point opposite 
that by which the capsule is attached to the urine tube ; 
after entering the capsule, the artery breaks up into 
seTeral branches. These are rolled together into 
a ball — the Glomerulus; in the centre of the ball they 
leDDite and form a Eingle vessel, which leaves the cap- 
sule close to the artery entering it. 

The vessel going lo the glonierulna ia called the 
afferent artery, tliat leaving it is called the efferent 
artery — some also call it the efferent vein. The 
efferent vessel then breaks up into a capillary plexus 
on the nearest urine tubes, and these end iu the tribu- 
taries of the renal vein. 

The Malpighian capsidcs are really expansions of the 
urire tubules, which form a double membrane, invest- 
ing the glomerulus just as the pleura invests the lung. 

The whole of the interior of the Malpighian enpsule 
ia lined with a layer of very delicate pavement epitlie- 
liuni. The tuft and capsule together are called a 
Malpighian Budy. 

The convoluted portion of the urino tubnJes is lined 
Trith spheroidal glandular epitlieliuro. Itis scarcely to 
be distinguished fi'om the columnar variety of epi- 
tlieliuin. 

The ureter and polvia of the kidney have an external 
conneotive tissue coat, a middle muscular coat of un- 
stiiuted fibres, and an internal monibranous lining con- 
tinuous with the mucous coat of the bladder, with 
eolumnar epithelium on its inner surfuco. 





SVIIL— The TThin-e. 

The urine is the meaTis by which the nitrofrenoitt 
iroate ia elLminated from the avstem. It consists of 
Viitei having urua, and trace? of bodies allied to nrea, 
uric acid, various aalta, and coluurimj matter, iii solu- 

Its nonnal renction is acid, from nn abundance of 
acid phosphates, hut it is sumiititiies alkaltue. 

When the alkalinity of the urine is due to a fixed 
nlkali, it is simply the result of a diet consisting of 
vegetable matter containing a large percentuga of 
potash i if the alkalinity is due to ammonia, it is al>- 
normal, and the lesuLt of the decumpositioa of the 

The urine is most acid during iiisting ; it often be- 
eonies neutral during the digestion of a meaL 

The wateir of the urine is excreted by exudation 
through the walla of the vessels which form (he Mal- 
pighian tufts. The cause of this transudation is the 
blood-pressiue in the vessels of the tuft ; this ia main- 
tained by the efferent being smaller than the affureut 
vessel 

Some of the salts are excreted with this fluid, but 
the greater part of the solid oonstiCiieuts are elirainated 
by the cells of the convoluted tuhulea. 

The quantity of water excreted depetids on the blood- 
giressure, and when the sympatlietic nerves of the ab- 
domen are divided, the blood pressure is so reduced 
ihat no water ie excreted. A cold-bath, by increasing 
tlie bloud-pieesure, gives rise to a copious flow of watery 

If indigo in a sULo of fine division is injected into 
the blood of an animal, it nill be excreted as a solid by 
the uaao^ jujii if the sympathelw \x, diiuled, it viU 




Bcciimulate in the epithelial cells of the convoluted 
tubules and in tlie tubules themselves, as no water will 
be excreted to wash them out. 

The quantity of water excreted by the kidneys ia 
eubject to great variations, and depends on tho quantity 
of fluid taken ; the averase is fifty to sixty ounces in 
the twenty-four hours. More ia excreted in the winter 
than in the summer, aa in warm weather more is ex- 
creted by the skin and lungs. 

The solid matter in the urine varies much at diCeront 
times in the day. 

The urine Becreted in the morning, when neither 
food nor drink has been taken for some hours, has the 
most definite composition ; it is called Urina Sanguinis. 
That an hour or two after a meal has most solid matter; 
it is called Urina Cibi. That after a copious draught 
of fluid has most water ; it is called Urina Fot&s. 

The quantity of solid excreted by the kidneys in the 
twenty-four hours is very constant under tho same 
circumstances; it varies from two to three ounces; 
about half this consists of urea. 

The quantity of urea is variable, according to the 
quantity of nitrogenous food taken. When the weight 
of the body remains constant, the amount of nitrogen, 
in the urea excreted, is nearly equal to that in the food 
taken. When the weight of the body is increasing by 
is excreted tiian is taken in, and 
lore is excreted than is ingested, 
irea is CH^N^O, which may he. 



(pvwtb, less nitrogen 
in wasting diseases n 
The formula of u 
■written — 






This represents a double atom of nmraonia with a 
.dsHhle atom of its hydiogen ie'g\a';t4 '\i^ ■OoaV-j^Ki&isc 
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tical rfldical carbonyl, CO, isomeric* witt caiboa inoii- 

Urea is isomeric with cyanato of ammonia, and has 
besD prepanid artidcially. It becomes converted iuto 
carbonate of ammonia and water in tLe presencQ of de- 
composing mucua, or any other easily decomposed 
nitrogenous body. 

It is probably formed in the blood by the diaiutegro- 
tioD of the nitrogenous tissues, and, perhaps in the liver; 
by the breaking up of nitrogenous food into glycogen 
and urea. It is at once taken from the blood, by the 
kidneys, before enough accumulates to have a dele- 
terious effect ; the accumulation of urea in the blood 
gives rise to coma, convulsions and death — unemic 
poisoning. \ 

Uric acid only exists in very small quantities in 
healthy human urine ; about eight grains are excreted 
in the twenty-four hours, chieHy in the form of urates. 
A larger quantity is excreted when animal food is taken 
in excess, and in gouty conditions. 

Impaired oxidisation of the blood and a plethoric 
condition increase the quantity of uric acid excreted. 

The colouring master of the urine is allied to that of 
the blood, from which it is derived j it is called uro- 
- hrematin. 

The salts of the urine amount to from half an ouddb 
to three quarters of an ounce in the twenty-four hours; 
they are chiefly pbosphalea, sulphates, and chlorides. 

The phosphates are probably chiefly set free from 
the tissues by their disiotegratiou, especially from the 
nervous tissues. The chlorides, principally chloride of 
sodium, are derived directly from the foo<I ; and the sul' 
phatee, in part, from the sulphates in the food, but 
chiefly from the oxidisation of the sulphur of the food 
and tissues. 



Besitle tlie eubstancea named, urino coDtaina a amnll 
qaautity of htppuric acid, and traces of nitrogenous 
extractives iatermediate ia composition between the 
proteids and urea.' Tliera is also a email quantity of 
MUCUS derived from the bladder. 

The speciSs gravity of urine varies from 1015 to 
1025. When the quantity of urine is very small, as 
ia Tery warm weather, a higher specific gravity does 
not indicate disease ; but a large quantity of urine with 
a high specific gravity, or a small quantity of urine 
with a low specific gravity, is iudicative of disease 

XIX.— The Skiit. 

The skin conaiBts of the dermis, and of the epidermi( 
and its appendages. 

The dermis consists of a denso net-work of conneo- 
livB tissne. The fibres of which it is composed are so 
closely woven at its outer surface that they 
scarcely distinguished with the microscope ; it ' 
looser beneath, and passes insensibly into the subcuta- 
neODS connective tissue. 

The subcutaneous tissue ia filled with fat-cells, in a 
frell-nourished body ; these consist of cells distended 
with oil 

Fat serves as a store of nourishment, as a non-con- 
ductor of heat, and it forms a soft protective cushion 
beneath the skin. When the supply of nutriment is 
insuflicient, it is consiimcd in maintaining the heat and 
activity of the body. 

Subcutaneous fat is absent in the eyelids, the pre- 
•puce, the scrotum, and the nyraphm. 

The surface of the dermis is raised into papillie ; 
iheae are most numerous on the most sensitive parts of 
the skin. 

* Kreatin, E^poxbuQuu, ^. 
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(.)n the pnlmaT surface of the hand, aTid on tbo 
plnntor sarface of the foot, they are atranjied in rows, 
which can be seen with the naked eye. On the palm 
there ate as many as from thirty to forty thuusaod 
pajiillic on a eqimre inch. 

Tliey are least numerous on the back of the body. 

The apiderrais consiHts of two layers ; a deep layer 
of spheroidal growing cells, and a superficial layer of 
scale-like hard cells. Both layers consist of many 
tiers of cells. 

The superficial cells of the outer layer are being con- 
Btautly shed and replaced by others from beneath. 

The deep layer is called the Eete Mucosum ; its cells 
are constantly being multiplied, and as tliey come to 
the surface they become flattened and Jiard, forming 
in their turn the cells of the superhcial layer and being 
ultimately shed. 

The true skin, the dermis, is perforated by the ducta 
o( the sweat glands. 

A sweat gland consists of a long unbranched tube of 
dehcate membrane ; it has a wavy course through tha 
true skin, aod forms a glomerulus in the subcutaneous 
tissue. The tube is filled with glandular epithelium, 
and is surrounded in its convoluted portioa by a cIobb 
plexus of capillaries. 

It has been estimated that there are between two and 
three million sweat glands on the surface ot the human 
body ; hut the united area of all their ducts, as they 
open on the surface, is, probably, not more than eight 
square inches. 

The aniount of water which evaporates from the sur- 
face of the akin in the twenty-fout hours is about two 
pounds. 

As only about one-sixth of this could he evaporated 
from a surface of only eight square inches, it is supposed 
£j,ai the rest ia lost by evapomVLou Xbiu\i.g,U t.Ue culide. 




Bttt the fant has been lost sight of that a krfie quantity 
of the Huiil secreted hy blia sweat ijlands probably at 
once soaks into th.e epiderinia before it leavoa tlie sweat- 
dnot, which p^isaes io a spiral direction through the 
upper layers of the cuticle ; ao that the sweat is pro- 
bably not only lost by evaporation over the orifice of 
the liuct, but over the whole jurfiico of the skin. 

When the sweat evaporates as fast aa it is formnil, it 
is called Insensible Perspiration ; when it accumulates 
JQ drops on the skin, it is called S^veat, or Sensible 
Perspiration, 

Tile fluid which esudea from the sweat glands con- 
tains acetate of ammonia, lactic and butyric acids, and 
the salts of tlie blood, in very small quantities. 

The glands which secrete the cerumen of the eiir are 
inodiHed sweat glands. 

The Bebaceoiis glands of the skin are minute racemose 
glands, which open into the hair follicles ; they excrete 
oily and extractive matter with a peculiar odoiir. Tliey 
Beiva to keep the skin soft, and to lubricate the hair. 

Hair is an epidermal appendage. Kich hair has a 
papilla of the true skin at its base, and consists of a 
bulb contained in a follicle — ^the Hair Follicle — and of 
& shaft. 

Both the bulb and shaft consist of modified epi- 
dermal cells. 

The cells of the bulb are spheroidal ; those of the 
shaft form three layers : a centril medullary pnrtinu of 
spheroidal cells, a cortical portion of elongated fibres, 
find a cnviiring of imbricated epithelial scales. 

A liiiii' fiillicle consists of a pouch in the true skin, 
aiiil is lined by an involution of the opitheliura of the 
eui't':iun; this lining consists of two layers, called tho 
Inner and Outer Root-sheath of the Hair. 

The nulls consist of moditiod epidermal cells. 





I glttB 

I Tl 

L eurfai 



It ia an excretory organ, and ia lai^.ly concerned in 
the regulation of the teiuperatiire of the body, the 
amount of evaporation from its aurfuce being the main 
factor in the regulation of the internal temperature. 

About lAi of the carbonic acid developed ia the 
body is lost by transpiration through the skin. 

The skin is also capable of absorbitig water during 
immersion in a bath. The absorption of mercury and 
other drugs through the skin is undoubted. 

XX. — The Lymphatic System. 

The lymphatics comtDencfe in the intei^tices of the 
tissues, which are everywhere lined with exceedingly ftne 
transparent cells. These cells are called Endothelium. 
They differ from epithelial cells in tlieir extreme thin- 
ness, and in being developed from the cells of the 
middle layer of the blastodeim. 

Endothelial cells also line the peritoneal, plearal, and 
pericardial cavities, which may be regarded as great 
lymph spaces. These cavities all have lymphatics open- 
ing into them by mouths called Stomuto, surrounded by 
endothelial cells. 

The lymphatic vessels unite together aod form larger 
and larger trunks, like veins. 

All the lymphatics pass through lymphatic glands, 
which are situated ou the main lymphatic trunks; 
these trunks have throe coats, like a small vein : the 
outer coat forms the capsule of the gland. 

The lymphatic which carries lymph to the gland, ia 
called the all'ercnt lymphatic ; that which takes it froia 
the gland is called the elf<^rent lymphatic These 
vessels are usually connected with a depression in tlie 
gland called tlie Hilus. 

The substance of the gland is made up of a spongy 
network of iibroua tissue, which dips in from the inner 
eurfaco of the capsule. The a\>ttOcB between 
of this network ato compMalvNtVj \' 
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peripheral part of tlio gland, but got smaller and smaller 
lownrda Ha centre. 

Tbe apacea in tbe network are lined with cells, and 
have nuoieroiia cella ia their cavities ; these cells are 
eo^'aged in the elaboration of the tympb. 

Tbe afferent vessel pours the lynipb into the lai^er 
spaces at the periphery of tbe glaud, and the eU'eceut 
vessel cullecta it from the smutl spaces in the ceiitre of 
tbe gland. Hence a lymphatic gland may he regarded 
as a kind of living filler for the lymph. 

The suppuration of the glands in pyccmic poiaoning, 
the formation of buboes and of caaeeruus deposits in 
glands of this class, show that they stop deleterious 
Bubstauces on their way to tlie blood-vessels. 

TiiB eilerant vessels either join the thoracic duct, 
or Ciinti'iliula to the formation of the le-sser thoracic 
duct, wiiicb receives the lymphatics of the right arm 
nod the right aide of tiie head and neck. 

XXI. — Vascular GLiNDB. 

There are certain glands which apparently stind ia 
the same relation to the general circulation and the 
blood, which the lymphatic glands hold to the lymphatic 
circulation and the lymph. The moat import^ant of 
these is the Spleen. 

The spleen weighs from five to ten ouncca in health ; 
it consiata of a tough ela^t'c fibruua capsule, and ia 
entirely surrounded by a pe toaeal coat 

The capsule dips into the Bul tan e of the apleen with 
the splenic artery at the 1 lus of tl e organ. Tha 
splenic vein also leaves the sple n at the hiliis. 

The whole interior of tl e spl s filled with a 
fibrous elastic sponge-lil e t ue fo ned by trabecule 
sent into it from the capsule. Tbe spaces of this 
sponge-like tissue are filled with a grumous material of 
K dark red colour, called Splenic Fulp. 
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The tortuous splenic artery, after dividing into several 
branches, enters the spleen at the liUua and divides 
dichotomously. It is accompanied by ptooeases of the 
splenic capsule, forming a shcAth. 

The branohea of this artery do not anostomoae with 
each other ; but the whole vessel contiaiies to divide 
into p!tra!lel branchea, until these terminate in capil- 
laries, which open into a cavernous tissue, regarded by 
some as dilated veins, with very fine walls, and by 
otljers aa the lacunas of the splenic tissue. 

From these the splenic veins arise, and ultimately 
piss out by the hilus as six or more veins, which then 
unite into a single trunk. 

The JIalpighian bodies of the spleen bear no resem- 
blance to the structures of thu same name in the 
kidney. They are ovoid capsules filled with cells like 
white blood cells, they are firmly attached to the ex- 
ternal coat of the branches of the splenic artery, chiefly 
nt the angles of bifurcation ; they measure about -Jj of 
an inch in diameter. 

Their use is not known. They arc very similar to 
the sac-like glands which form I'ejer's patches in the 
intestine. 

The splenic pulp consists of cells and nuclei, of 
degenerated red blood cells, and of granules of all si£e& 

Sir J. Paget called the spleen the graveyard of the 
red, and the birthplace of tlie white blood corpuscles. 
It is probable that the former undergo disintegration, 
and the latter are developed in the spleen. 

The spleen becomes con.«iderably enlarged after the 
digestion of a full meal, and it is probable that the 
nitrogenous products of digesti:>n undergo considerable 
nioditication in the spleen. It also appears to serve as 
B diverticulum for tiie blood of the [lortal vein. 

The formative fuuctions of the spleen are apparently 
shared b^ the other ductless glands: the Thymus, tho 
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Thyroid, and tho Suprarenal bodies, as well as by the 
'Bfil marrow of the uaauelloua bone. 

The aQpra-ranal boiiiea and thiToid gland consist 
chiefly of lainute vesicles filled with colls and nuclei, 
and surrounded by a capillary pleaua. 

The Bupra-renal bodies have a cortical and medullary, 
portion, and the latter abounds in nerve-ceils an<l 
fibres, BO tliat it lias been described as a nervous 
ganglion. Their use is unknown ; but in Addison's 
disease) thn whole skin becomes pigmented, and the 
supra-renal bodies are the seat of remarkable degenera- 
tion and infiauimatory chan<;ea. ' 

The thymus only exists in the fcetna and early life. 
It grows rapidly up to the third year, then very slowly, 
becoming relatively less in proportion to the body up 
to the age of puberty ; it then degenerates into fatty 
tissue and ultimately disappears. Its follicles form a 
continuous closed cavity. 

The red marrow of the cancelloiia tissue of bone has 
eimilar characters to the pulp of the ductless glands; it 
ia also most abundant in yiung subjects. It consists 
of water, protuplitsmic cells, and colouring matter allied 
to hatmoglobia. 

The white marrow of the shafts of tho long bones 
consists of 95 per cent, of fat; it is merely a form of 
adipose tissue. 

XXII. — The Nehvods Ststeil J 

The nervous ayatem eonaiats of netvea and neivft*' 
centres. 

Kervea are larger or smallpr bundles of nerve-fibres, 
liound together by connective tissue. The fibres are of 
two kinds, Medullated sud Non-medullated ; the 
former are the so-called White Kervo-Fibres, the latter 
the Grey Nerve-Fibrca. 

A white nerve-librB consists of a'skt^ &a\\K«^V:^GKi, 



tlie primitive eheath. This coTitn.in9 a eheath of whita 
opaque latty matter — t.lie wiiite BubBtttuue of ScliwauD, 
in tlie ceutre of which there is a tmnspareBt proto- 
jjlneraie tibre — the axis oy]iuJer. 

lu living Derves the contents of the sheath are 
homogeneous, tlie separation of the conteuts tuto an 
axis cylinder and niuilullary sheath, as the white Bub- 
Btance of Schwann is called, occurring immediately after 
death. 

The groy nerve-fibrea have no medullary sheath, and 
appear of a yellowish colour when eeon in bundles. 
They are smaller thsn the white fibres, and occur in 
the sympathetir,, the olfactory, and auditory nerves, 
without any admixture of white fibres ; a few are found 
irjterniixed with the white tibius in the oidinury 
criubio spinal nerves. 

The nerve-centres consist of white and grey sab- 
etance. The white aiibstanco ia oomposeil of nerve- 
tilires ; the grey eonsiats of nerve-corpuscles in a very 
delicate spoufiy network c:illeil Neuroglia, This ia pro- 
Imbly a connective tissue, and serves to support and 
bind together the other elements. 

The nerve-corpuacles are cells of very various size 
and form. The largest are stellate; they all give off 
tine processes which brunch and intercommunicate. 
Tlic hue branches turm a network between the cells. 

The cells are described as bipolar or multipolar, ac- 
cording to the uiinibur of processes they give off. The 
nerve-iiells are nncluatcd, but have no cell-wall. 

A ganglion is a small nerve ce n ti'e ; oil the nerve- 
eenlros, except the cerebriim, the cerebellum and tho 
spinnl cord, are often called Ganglia. 

The spinal cord is spoken of as & series of united 
gnnsjlia. Any small group of nerve-cells is a ganglion. 

The term is used in no other sense by physio- 
logists. 2'iiou^h fiurgeuuB uimuUmcs \m& lUo wool -to 



aignify a smaK tumour, this meaning has nothing what- 
evM to do witli tho word io ita pliyaioUigical Benae. 

The functiou of necve-filirea is the couduction of 
uervuua inipreesioua. Those which conduct townrds 
the nerve-centres are called Centripetal Kerves ; those 
which couduct from nerve-centres are ca]led Centrifugal 
Nerves, It has not been made out that there is any 
diCerence of structure between thcae two kinds of 
nerves. 

A nerve-fibre nias through a nerve without dividing. 
Its inner extremity is connected with one or more nerve- 
cells in a nerve-centre ; its outer end terminates either 
in some sensory organ, or on one of the epithelial 
surfaces of the hody if it is a centripetal fibre, and in a 
musch'^ if it is a centrifugal fibre. 

It is doubtful whether some centrifugal nerve-fihres 
terminate in the cells of glands or nut. 

Centrifugal nerves are also motor nerves ; centri- 
petal nerves are sensory nerves. Some centripetal 
jierve-fibrps do not produce a sensation when tliey are 
stimulated, but the stimulation is rellectcd to a motor 
nerve, as iu reflex acts. 

Moat of the cerebio-spinal nerves consist of mixed, 
motor and seusory, Hbrea. The nerves of special senae 
coQMBt entirely of sensory fibres, and some of the craTUuI 
nerves are entirely motor in their functions, (tice 
Cranial Kervea.) 

The rate of conduction along a nerve is about thirty 
mi'tres a second (about thirty-three yards). It is pro- 
bable that sensory impressions are conducted faster than 
motor oiiea. 

The functions of nerve-centres are the origination, 
truusference, and reueption of nervous impressioua, 

XXIII.— The Spinal Conn. 
Iho spinal cord ia a, neive-c&atiQ iii v!liv<:b. t.'bia ^'^^ 



matter is enclosed hj tlie wliite and fotma ttie ^^^ 
cornua seen id transverse sections. ' j 

Some of tlie stellate nerve-cellH of the cord have been 
demonslrated to have one of tlieir processes Inrger than 
the others, anil this is continuous with a motor nerve. 
'i'he central terminatiocs ot the sensory fibrea are not 
known with certainty; they prohahly end in the net- 
work of fine processes given off hy the nerve-oella. 

The size and shape of the netve-ceJla of the spinal 
cord and other nerve-centres is very variable. The 
largest stellate cells appear to be motor cells ; that is, 
they are connected with motoi nerves, and probably 
orifonate motor impulses. 

The spinal cord serves to nnite the ordinary spinal 
nerves with the intercranial centres, and ao setvea as a 
conductor of sensory and motor impulses from the peri- 
phery of the body to the eensoriuni, and from the organ 
of volition to the muscles. (The nerve impulsea of 
volition orifiifiate in the cerebral hemispheres.) 

The spinal cord is also a reflex ciuUre. A centripetnl 
nerve inipulae arrives at the corJ, and sols in action 
some of ita motor-cells, and an act results without the 
intervention of the will or consciousness. 

Reflex acts, of which we are conscious, but over which 
we have no volition, may be performed in this way by 
the cord. 

The reflex action of the spinal cord is proved byci 
of injury to the conl in which its connection with tlial 
intercranial centres is aeverod. The movement of thi 
foot during sleep when the sole is lightly touched Hi 
an example of spinal rollex action. 

Centris in the spinal cord are cunnpctcd with tM 
acts of micturition, of defwcution, and with the 
functions, 

The posterior roots of the spinal nerves are con 
of sugary, aad the aiiterioi ruota oi mutai ti.\iM», 




ach posterior root liaa s paiiglion upon it bfilorging 
Pthe sympathetic nervnus Bj'Etcm ; it ia probably con- 
way in tlie nutrition of tlie nerve. 
Foi wlien the nerve ia diviJeil, the portion to wliidi 
the ganglion ia attached does not degenenite ; the other 
purlton hocoineaatrophitil. 

The anterior and posterior roots arise respectively 
frnm the anterior and posterior comua of the grey aub- 

Tlie part of the cord which condntta eacli of tho 
(lifl'erent kiuds of nerve impulse is stiil uncertain ; but 
it may ho said that motor iuipnlsea ate eandui:t£il by 
the autero-kteral white columns, that sensory impulses 
are chiefly conducted through the grey substance, and 
that the posterior columns of white matter are in aomo 
way connected with the muscular aeaso, or that they 
are concerned in balancing the body and in the co- 
ordination of the muscles — they are found in a degene- 
rati'd condition in loco-motor ataxy. 

Motor impulses are conducted by the snnie side of 
the cord aa that on which the nntecles moved are 
aitiiated ; aenaory impulses cross to the opposite side of 
the cord almost as soon as they enter it. 

If one half of the cord ia divided tranaversely, the 
side of the body on which the cord ia divided becninea 
puralyscd below tlie section, and the other side loses 
thp power of perceiving sensations, 

Mutor impulses pass over from one side to the otlier 
Bt the decuBSiition of the anterior pyramiila of thn 
medulla oblongata, so that all the conducting tracts of 
the cord decussiite before they arrive at the hiyher 
interoranial centres i the sensory immediately, the motor 
in the medulla. 

A lonaitiidinnl swtion of a part of the cord, in the 

middle line from before baokwani, therefore, divides all 

. titB'BGBiSoij tracts ia tlie divided Tc^'a^VoX \ 
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thd motor tracta ; heoce anicstheaia of both Bides ^vitli- 
out puculj'sis results. 

XXIV.— The Meddlla Odlosdj 

Tlie medulla olilongata is the enlarged upper ex- 
tremity of the spinnl cotd. 

The unterior pyramids are continuous with the lateral 
coluiuna of the eiird of the opposite aide of the bodj, 
and with some of the fihrea of the anterior columns of 
their own eide. They conduct motor impressions, and 
contain no grey matter ; they are prolonged through tha 
pons to the crura cerebri ; their prolongations lie on the 
under side of the crura, and terminate in the corpora 
striata, which are supposed to be the great motor gatigliK 
of the brain. In the crura, they are called the motor 
tracts. 

The fihrea of the anterior columns of the cord nearly 
all pass into the tateial and olivary tracts of the 
medulla on the same eide, and p:iss through a large 
quantity of grey aubatauce. They are continued 
through the puns with a number of fibres from thfl 
ceruhellum and corpora quad ri gem in a, and form the 
upper part of the ciua of the same side, tetmitialinj,' iu 
the optic thalamus. 

The optic tlialami are the great sensory ganglia of 
the base of the hrain. 

The posterior columna of the cord are joined by 
numerous fibres from the grey matter of the medulla, 
and form the interior peduucles of the cerehclluni. 
Tlii-y are the restiform tracts. 

The grey centres in the medulla surround the central 
canal, aud He in the floor of the fourth ventricle. The 
olive is a grey convolute capsule, and there is n large 
nucleus in the restiform tract. 

The grey centres iu the medulla preside over all the 
pbeDuBiitDA of oi;8auic life. Thete are cardiac and 
T^piratory centres, a centre o£ desjlmilvcm, mii 9. 





fOi the regnlatioa of the calibre of the blood -vessel a — 
the BO-calJed vaso^notor centre. These uio all centiTS 
of reflex action. 

Grey centres in the medulla also fomi the orifjin of 
oJl the cranial nerves except the first four pairs. 
XXV.— The Cerebellum. 

The cerebellum is connected with the rest of the 
nervous system by three pcUunclos on each side ; the in- 
ferior peduncles, which have been already mentioned ; the 
superior peduncles, which connect it with the corpora 
(juadrigemina, and the middle peduncles, which form the 
transverse fibres of the pons, and unite the two lateral 
b&lves of the cerebellum. 

Its function appears to he the co-ordination of the 
Tuious complex muscular acts. If the cerebellum of a 
Ijird be removed, the bird becomes ataxic — that is, its 
movements are disorderly, and are no longer p 
in harmony with each other. 
XSVI.— ThbL kpora Qd dr ofmi-ja a\dCei 

Tlia corpora qua 1 ra na a the chief oripn of tlie 
optic nerve; they a the entrea of the function of 
vision. 

The cerebrum s the nt e f all cnn'sciouinesa and 
volition, as well IS f 11 h fa 1 1 ties of tlie intellect. 

The two lateral halves are united by the Oorpus cal- 
losuiu, which formfi its great commissure. 

It is probable that the grey substance of the anterior 
portion of tlie cerehrum is more intimately related to 
the motor, and thet of the posterior portions to the 
sensory functions. 

The grey substance of the cerebrum forma a con- 
tinuous layer over the convolutions, and the more com- 
plex and doHned these are, the larger the surface of 
grey substance. 
,. - ite iii'her nerve^entrea ka^a a"s«r^ ^'«fttfsi.\s&i=- 




the action of tho lower ones ; tliiia tho spinal 
curd is much mare active as a Tctlex. centre when the 
iulineneo of the brain is removed from it. 

During sltiep, if tiie foot is toucVied, it will be 
certainly drawn np ; this is a reflex act depenJent 
on the cord. Wlien awake we may not take any 
iiotice of the touch ; yet the foot will not move if the 
stimulus is very slight, or we may resist the action of 
the cord and keep the foot atill. 

These are examjjles of pasf^ive and active interferencB 

with the action of the cgnl ; this power is spoken of b3 

. Inhibitory. 

I The reflex activity of the cord is strongly seen in. 

cases in which it is severed from ita connection with 

I the brain, aa in fractures of the i^pine. 

Complex acts, as walking and running, and the like, 
I are said to be Automatic ; they are initialed by the 

I Will, hut are carrieil on involiintnrily by the lower 

I neive-ceutres. These acts have, us a rule, to be done 

I njany times before they became automatic. 

L Sleeji- walking is an exjiiuple of a pure automatic act, 

^^H ' U&complicated by volition. 



XXVIL— The Crakial Nei 



The olfactory, optic, and portio mollis of tho seventh 
nerves are nerves of special sense. Their funotioiiH will 
le described under the senses. 

Xlie third, fourth, and sixth uerveB are the special 
nerves of the muscles of the eye. 

The fifth nerve resembles a spinal nerve in having 

two roots ; a largo sensory root, with a tiympathetio 

ganglion upon it- — the Guaaerian Ganglion — and a 

_ .email motor root, which joins the inferior maxillary 

^visioii of the nerve after it has passed through the 

tnglion. 

tio dura o£ the seventh (the Faoial) ia a 
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t, and supplies nil the muscles of exprcssioi 
iii'tlie fucu, 

TliB eightli pair consist of tlie Glosso-Phnryugeal, thi 
Pneumogagtric, and Spinal Accessory nerves, 

Tlie gloss<)-phflryngeal nerve contains a few motor 
fibres, but is tliiefly a sensory nerve j it is concerned in 
taste. It is still doubtful what share the gustatory 
portion of the tifth nerve has in the sense of taste ; the 
general opinion is that the gustatory division of the 
fifth is the nerve by which we penieive pleasant tastes. 

Stimnlation of the gloaso-jiharyngeal ia the initial 
atage of the second part of the act of deglutition ; too 
Bltong a Btimiilation of the termiuations uf this nerve, 
EU in ticklin}; the fauces, gives rise to vomitiog. 
It IS believed by some, perhaps from this fact, that it ia 
tbe nerve by which we perceive nausuaus tastes, such aa 
incite vomitiug, or a tendeucy to it. 

The pharyngeal branches of the glosao-phnryngeal are 
probably the centripetal nerves which incite the pharyn- 
geal muscles to contract in swallowing. 

The functions of the pneumogastric are very com- 
plex. At its root it is apparently a centripetal aeTve 
only ; but it receives motor fibres from the spinal 
accessory. These motor fibres ruu in the pneumo- 
gastric, and form the iufariur and a portion of the 
Buptnior laryngeal nerves. 

The pneumogastric contains cardiac inhibitory fibres, 
and centripetiil fibres from the lungs and stomach, 
CDonected with the reflex nets of respiration, the secretion 
of the gastric juice, and the movements of the stomach. 
It is. not probable that any motor fibres go to these 
oiganB through the pneumogastric. 

The pneumogastric also sends fibres to the other 
abdomiual viscera; but nothiug certain is known of 
their functions, except that injury to tbe grey nncleus 
of this nerve gives rise tu aitiUuial diabetes, probably by 
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(listurliiiig tlie function of the liver, and so aTIowing 
^'rape >!ugar to puea frum the Portal to the Hepatic 

The spinal accessory nerve consists of two parts. 
The accessory portion passes into the pneuniogastric and 
aiipplifis the niuscles of the larynx, becuniing the 
inferior and jiart of the superior laryngeal nerves. 

The other pmrtion of the spinal acuessory supplies the 
trajKziiis ahH aternoniaatoid muscles. Theae are brought 
iuto pliiy dm'iug singiug and speaking, and servo to 
antagonize the expiratcrry muscles. 

According to Uernant, when the spinal accessory of 
an animal is diviited, the act of reEpirutioD is not 
affected, except when the animal runs, when the move- 
iiients of respiration become embarrasaed. The spinal 
accessory may therefore bo regarded as a special nerve 
concerned in regulating the respiratory movements and 
the tension nsd position, of the vocal cords in the pro- 
doction of sounds in the larynx. It is therefore inti- 
mately connected with speaking and singing. 

The ninth or hypoglossal nerve is the special motor 
nerve of the toDLjue ; hence it shares the function of 
speech with the accessory. It is also concerned in the 
movements of mastication and deglutition. 

XXVIII, — Tde Si'MPATnETia Nervods System. 

The symp.ithetic system of nerves consists chiefly of 
grey fibres, but a certain number of medullated fibres 
are intermixed with these. 

The ganglia of the sympathetic are : 

1. The ganglia of tlie sympathetic cords on eithei 

side of the vertebral colunm. 
S. The great ganglionic plexuses in the thorax and 
the ahdowen, the broDcliial and aortic plexus, 
tba Boltxi plexus, the Teae.\ ^Vq^'w «sA iW 




hypogastric plexus, all closely connected with 

the aorta. 
fS: The vaao-motor plexuses on the great arteriea. 
Li. The ganjjlia in connactiou with the tifth, the 

pneumogaatric and jjloaao-pharyngeal nerves, 

and the ganglia on the seosory roots of the 

apinal nerves. 
■K, And lasily, the gan(;Iionic ploxnses of the heart 

and the walla of the intestine (Meissnei^e 

plBxnt.) 

nitetl to each other by aympathetic 
s-libres ; the whole Ibrms the visceral ayatem of 

•Ffee sympathetic eystetn of nerves is intimately 
rohted with centres in the spinal uord aud medulla 
oblongata — the vaao-motor centres. 

The chief function of this complicated system of 
nerves and ganglia is undouhteiily the regulation of the 
amount of blood sent to the dillerent organs at diU'etent 
times. 

Division of the sympathetic nerve of a part gives riso 
to the relaxation of its arteries, and to consequent con- 
gestion of its vessels. Stimulation of the sympathetic 
causes contraction of the corresponding arteries, with 
palenesa and bloodlessness of the parts supplied by the 
excited nerves. 

The dilator fibres of the iris are undoubtedly sup- 
plied by tibrea from the sympathetic ; and the move- 
ments of the heart depend on the intrinsic sympathetic 
ganglia. 

It is probable that all the non-stri.ited muscles of the 
viscera are supplied by this system of nerves. It is 
therefore frequently called the Kervous System of 
Or^iianiu Life. 

It ia doubtful whether the sympathetic nerve fibres 
See page tiZt 



coniliict BensDiy improssioiia to tho bratii tbrcugli tha 

The pitinful sensations due to the irregular and vio- 
lent tontnictioD of the tioii-striiiteil muscle of the 
inti^titie and uterus are attrihuted to the conductioD of 
cuutripetal imjjreasions by the sympathetic. The 
epliinchnic nerves are also BUpposed to cuntaia filirea 
irhich coDduct centripetal stimulations to the nioduHa, 
id so keep up the inhibitory influence of the pneumo- 
ttstric on the heart as a reflex phei 



XXrX.— Tdb Shnses. 

The Bense of smell is due to the stimulation of the 
"factory nerve, by the contact of the very miouta 
articles of au odorous substance with the nerve-ternii- 
jiatioDH in the mucous membrane of the superior and 
part of the middle meatus of the nose. 

The olfactory bulb is rather a ganglion than a nerve ; 
it gives off nerve-fibres, which pass tlirough the cribri- 
form plate of the ethmoid bone, and which are dis- 
tributed to the olfactory portion of the nasal cavities. 

The terminations of the nerves are epithelial cells, 
'which have a short rod-like procesa projecting from 
their free surface ; tliese are called Olfactory Cells. 

The sense of taste is like tlm eeuse of smell in being 
caused by the actual contact of aubatauceB with tha 
cells in which the nerves of taste terminate. 

Cells ending externally in small rod-like processea «n 
described as the terminations of the nerves of tasts; 
these are fusiform in shajje, and are arrangeil in ovoid 
bundles around the fungifurm and ciicumvallate papilba 
of the tiiiigue. 

Theeo groups of cells are called Taste Bulbs. 

27ie dose idutiou betiveeu smell and taste is known 

'J J it is soiuetlmoa veiy dl%im^ to Xa^ ■«\i«ih'D»c -^m i 



braeH or taste that 'which is put tuto the month or held 
to the Eose, aad we juiJge of the sensation rather by 
knowing where the substance is than by the sensation 
itself. 

The senentions proi^uned by the stimulation of the 
nerves of the general surface of the skin are very nnine- 
rOUB. Tliey are the sensations of touch and of weight 
or pressure, the aensation of heat and colU, and, if Lho 
Btiiiinlation is strong, of pain. 

It is not known whether these differences are due 
to the stimulation of one or more scls of nervc-libres. 
Sorae hold that each different feeling arises from tbe 
stimulation of a distinct set of nerve-hbres ; this is, 
Dowever, very doubtful. 

The power of distinguishing heat and cold may, 
however, be lost, and yet the aense of touch may re- 
main. The sensation of pain ia prevented by anes- 
thetics before the ordinary eaQsation of touch is 
annulled. 

The sense of weight is probably in great part due to 
the condition of the muscles at the tinia We JQdt;e of 
weights by moving them, and fueling the exertion 
which this requires, and we know the position of our 
limbs : this kind of aeuaation is believed to he due to 
the tension of the different muscles, and is spoken of 
by some as the muscular sense j it is perhajis due to a 
distinct set of nerves. 

The sense of touch is most acute where the papillro 
of the akin are must nntncrous. There are spcciiil 
nerve teruii nations in some of the papilla: called Tuuch- 
Coipuscles. 

There are several kinds of touch -corpuscles, called 
£nd-Bulba, Touch -Corpuscles, and Pucinian-Bodies. 

Tliey all consist of s bulb formed from the connec- 
tive tissue of the nerve. The touch-corpuscles and 
eiiil-bulhs have no delitiite attact.u.ie, Wt, «mti«&<;. (^-C ^l 

HseneouB bulb, 
L 
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ThtK either contains the asis-cylinder of ono or woro 
nervQ-lihres in its interior — end-balb ; or, riinniog 
epirally round it — toucli-corpuacle. 

Tlie Pacinian-boiiiea are composed of several oon- 
centtic eapsules, in tlie centre of wliich tlie nerve-fibres 
terminate. Pacinian-bodios are found at the sides of 
the fingers and toes; toiicli-corpuBclos and end-bulbs 
are found in the papillte of the most sousilive parts of 
the ekin. 

The other term i cations of sensory nerves in the skin 
are not precisely known, but it is thought by some thnt 
they ead in the cells of the rete muoosuni ; by others, 
as luQjia in the jiapillte of the true skin. 

Very fine nerve-fibres have been, traced into tho . 

ItLolial layer of the cornea. 



XXX.~TnE Etq. 



The eye consists of three coata. An external ono, 
Mpanlo of the organ; a middle-vascular 
it— the Choroid ; and an internal nervous 
coat — the Retina. 

The externul coat consists of tho Sclerotic and tho 

The sclerotic is a deaso fibrous capsule, surrounding 
the posterior four-fiflha of the eyeball ; it closely ro- 
eenibles the tunica albuginea testis in structure. 

Tho cornea is transparent, and inclosee the anterior 
fifth of tho eyeball. It is a aegment of a sphere, hav- 
ing a radius of a little more than seven-and-a-half 
inilliniHrts, or nearly one-third of an inch. It couaista 
of a peculiar laminated form of fibrous tissue, hitving 
an eliistic layer — Descemet's niembrnne— on its inner 
surface. A hiyer of epithelium exists on both its inner 
auii outer surfuces of the cornea. 

Tlie epitheliuru of the external surface is continuouB 
with the epitheliam of llie conjunctiva, and conaistB of 





numerous layers of oolla ; the fibrous tiaauB of tlie con- 
junctiva oiiils at the ed^e of the ^ornna. The epithelium 
of tbe inner surface is contiauciua with that oa the iiLsi 
sod the anterior surface of the lens ; it consists uf a 
I^Q^'^ layer of cells. 

- H^unierous stellate cells are found between the layers 
of the proper tissue of the curuea ; these readily absorb 
minute solid particles of metallic oxides if they are 
broi^jht iDto coutact with an abrasion of the epithelial 
lajrer, and render tbe cornea permanently opaque ; 
hence the danger of using lead lotions to the eyes. 

The second coat of the eye, the clioroid, lines the 
Bclerutic. Its anterior portion forms a circular stop or 
curtain in front of the lens ; thie is the iris. 

The function of tlie iria is to regulate the (luantity of 
light which enters the eye, and to render the jptical 
picture more perfect by culting off the peripheral rays 
of light. 

Tiie choroid consists of two layers : an external 
vascular, and an internal pigmented layer which con- 
tains tbe capillaries of the choroid. 

The external layer contains both arteries and veins ; 
it has the veins, Vasa Vorticosa, outside tbe arteries. 
The inner layer consists of connective tissue with a 
large number of stellate pigment-cells imbedded ia it, 
together with a rich network of capillaries. 

Aruuud the crystailiuo lens the choroid has a non- 
striated muscle in it — the Ciliary Muscle, 

The iris cunsists of a prolongation of the choroid 
with a muscular Inj'er on its autcrior surface. The 
muscle-fibres are nou-atriateJ, and consist of two sets 
of fibres— a circuliir sphincter, and a dilator muscle of 
radiating fibres. The former cotrtracts, and the latter 
dilutes the pupil ; the dilator of the pupil is supplied 
by the sympathetic, and the sphincter by the third 
nerve. 



The cavity of the eyeball is divided mjpqnally into 

two parte by tlte cryRtiiliine leua. The auteiior [)art 
cuntaiDS the aqiieoiiR humour, water with two per ceut. 
of salts and extractives. With the cornea it I'urnis a 
water-lea a. 

The crystalline lens is contained in a cnpsule, and ia 
derived from the epithelium of the surface of the em- 
bryo. It ia developed at the bottom of a follicle which 
beoomea the anterior portion of the eyeball. It crm- 
eista of alhuminoHB, ribbon-ahoped fibres, with BErratod 
edges, arraagcd in a radiating manner. 

The lens, together with tlie water-Ions before described 
cause the rays of light to come to a focus on the retina, 
Tlte leua is altered in form, becomiug more convex, 
when we look at near objects, by the contraction of 
the ciliary muscle. This is spoken of as Accumiuoda- 

The eyeball, behind the lens, is filled with a very 
delicate reticulum of .fibres, tho raeshes of which ato 
occupied by a gelatinous subatance, like the transparent 
substance of the umbilical cord — ^lucoid Tissue. This 
is called the Vitreoua lluraour. 

The vitreoas ia inclosed in a very fine capsule called 
the Hyaloid Membrane. The hyaloid ia often reckoned 
as the inner layer of the retina. 

The retina is an expansion of the optic nerve, with 
its end organs; it is spread out between the rhornid 
and the vitreous, and extends aa far forward as Iho 
ciliary muscle. 

An imaginary line drawn through the middle of the 
cornea and cryatalline lena ia called the Optic Axis. The 
part of the retina which thia lino meets is ita most sen- 
sitive portiou ; aa tbia part of the retina has a distinct 
yellow colour, it is called the Yellow Spot. There are 
several marked peculiarities in this portion of the retina, 
which are mentioned below. 



. The optic nerve enters the eyettill aliout thre 
mitres to tha inner side of tlie centre of tlie yellow 
apot, if we meaBute from tbe centre of the optic nerve. 

It pierces all the outer layers of the retina, ami 
spreads out in a radiatiug ntnuner formiug the inoer 
surface of the retina. Its fibres do not cross the yellow 
spot, bat diverge and surround it 

The fibres of the optic nerve then dip into the 
retina and end in a layer of rod-like bodies, on its ex- 
ternal aurfacR, which form Jacob's membrane. 

The retina between the optic nerve layer and Jacob's 
membrane consists of a layer of stellate ganglion cells, 
and of two layers of nuclei separated from each other 
1)y granular nervous tissue. 

Jacob's membrane consists of a single layer of rod- 
Kite bodies ; these are the structures which are sensitive 
to light. 'These bodies are of two kinds : thick, sonie- 
vhat conical rods, called Cones, and more slender ones, 
called Rods. 

Jacob's membrane at the yellow spot consists almost 
entirely of cones; where the optic nerve pierces the 
letina, both rods and cones are absent. This is the 
Blind Spot. 

Between the retina and the choroid is a layer of Hit 
hexagonal pigment-cells ; this is sometimes reckoned an 
a layer of the choroid, but it is more properly named 
the Pigment Layer of the retina. 

The rods of Jacob's membrane are purple during life, 
except after exposure to a strong light. Light destroys 
the purple, but it is again furmyd by the pijjment-laycr 
of the retina. 

This ohaugo is connected, no doubt, with the stimula- 
tion of the nerve. We cannot say that it is the solo 
cause, as there is no purple in the cones of the yellow 

The stimulation of the nerve is probably a very com- 




pTex phenomenon, as the perception of colom )q>pdBn' ' 
to be dae tc a difierent form of stiniulatiou to tbat 
wliicb gisei tiet to tht Bensfttious of light and dark. 

Although wt liavt two eyes, visioL is Binfjle when- 
ever the inm;|ea of objects fall ojiol corciapimdiiig 
portions of the two reLiuLi: : the iiioei portioii of tliu 
right retina correspoiiila with thb outei portion of thtt 
left, and vice ternd. 

Tlie iibrea of the inner portions of the retinte cross 
each other at the conimisaure of the optio nerves, and 
run in the aame optic tract, with the outei fihrea of the 
letina of the other eye, beyond the eonjniissure ; that 
ifl, the inner fibres of one retina and the outei tibrc§ ot 
the other, go to the same aide of the corpora quadri- 
geniina. 

When we look at near objects, the optic axes of tha 
two eyes converge and meet in the object ; this ia 
effected by the contraction of the internal recti. "When 
the eyes converge, tlie ciliary nusclea and the pupils 
contract. AH these acts are simultaueouBly performed 
through the agency of the third nerve. 

When we look at distant objects, the optic axes are 
parallel, and the ciliiiry muscles and the sphincter 
muscles of the pupils relax. 

In Borne persons the length of the eyeball is ao great 
from before backwards, that nil distant objects produce 
a focus in front of the retina ; neai objects fall on tliu 
retina without tlicit accommodating for them. Such 
pei'BOns are said to he short-eighted — Myopic I'liey 
cannot converge the optic iisea to look at n^ar ol>jecLe._ 
without at the same time contracting the ciliary niuHile; 
hence, in extreme myopia, tht> eye either hecomes ntura 
niyopic, ot convergence docs not occur, and an extuintd 
squint is the result. 

Otliei pursouH have an cyo too abort from befora 
backicards, and have to acconimodule tot distant 



oVjeots. Sueh eyes are naid to bo Hypermetropic. 
They soon become fatigued; and tend to get &n in- 
ternal RquiDt. 

Both short and long (hypermetropic) sight should lie 
corrected with apectucles. 

Old people lose the power of accoramoclnting, aud 
henco requiio glasses; this condition is called Pres- 
byopia. 

The optical picture formed on the retina is inverted, 
the result of a well-known optical law. We see oliji^cLa 
in their true position, from the fact that it ia not Iho 
optical picture which we perceive — our sensation ia due 
to B change in the brain, and this occurs in such u way 
that we scQ things in their true position. 

Wb are ignorant of the changes in the nervous system 
1^ which sensation is produced — it is theFefuro UBeless 
to speculate on the subject. 

Tliere are a number of other important facts con- 
nected with vision, but the student must study Ihem in 
larger manuals; they are not generally requited for any 
but the higher examinations, and they require very 
careful study and consulerahlo knowledge of the allied 
sciences for their comprehension. 

XXXT.— The Ear 

The ear consists of three parts ; the esternal, the 
middle, and the internal ear. 

The external ear in many animals is certainly used 
to collect the waves of sound, and its movemenlB serve 
to determine the direction from which sounds come. 
It appiears to serve neither of these purposes in man, 
and must be regarded as a rudimentary structure. 

The middle ear consists of the cavity of the Tym- 
panum ; this is filled with air, and communicates with 
the pharynx by the Eustachian tuhe. It ia separated 



frnm the extRrnal meatns by the Membrana TympanL 
I'liia ia thrown into ■vibrations by the waves of sound. 

Tlie centre of the membraua tympani is ccnnef.ted 
with tlie handle of the malleus ; the vibrationa of the 
menihrana tynipani set the mulleua vibrating as a whuli', 
nnd this ossicle swings upon a liyaraeut by which it is 
suspended — the Suspensory Liganient of llie Malleus. 

The iiitemal ear consists of the bony labyriutli, 
whiuh is excavated in the substance of the petrous imrt 
of the temporal hone ; it is hilcd with fluid calltsd Peri- 
lymph. It is separated from the middle ear by a bony 
partition which is perforated by two feneetixe — the 
fenestra Kotunda and the Fenestra Oval is, or the round 
and oval windows. These openings ate closed hy thia 
mombranes. 

The vibrations of the malleus set the incus and 
stapes into motion, so that the movements of the centre 
of the menihrana tympani are exactly reproduced by 
the movements of the foot of the stapes, excEipt that the 
latter bone moves through a sumller space, and moves 
mure forcibly than the centre of the membrane. 

The feuestra ovalis baa the foot of the stapes applied 
to it, ami is therefore the spot which receives the im- 
pulses of the ossicles. 

In this way the stapes taps upon the membrane of 
the oval fenestra, and the vibratiuus are commuuicated 
to the internal ear. 

It is often said that the vibrations of smind are 
communicated to the round foneatra by the air in the 
cavity of the tympanum, but this appears to have 
another function. The fluid in the labyrinth cnuhl not 
possibly vibrate at all if it were entirely inclosed by 
boue, and the fenestra rotun<)a allbrds the necessary 
space for the vibration of the lluid of tbe internal cur. 

Suspended in the fluid uf the osseous labyrinth is 
tlw membiauous laby tiolh. TIub ia of the earns ebapii 
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than Ihe bony Jabyrintli ; like 

liLiiile and three semicircitiiir 

t eutera also into the cochlea as the sleuiler 

S CtMihleEB. 

The largest part of the meinbranoua Inbyriiith is the 
vestibale. Tliis is attached to the oval wiDdow, and 
like the rest of the membranaus labyrinth it contains a 
ftuid called the Endolymph. 

The impulses of soand are therefore conveyed to the 
mdolymph, and so paas to the extremity of the canalis 
eochlefe. This lies in the perilymph, and terminates in 
that portion of the perilymph which is not far removed 
ixora the fenestra rotunila. 

The auditory nerve is distributed to the membranous 
labyrinth, and terminates in epithelial cells in its 
interior. 

These cells hare minute hnir-like prooesses upon 
them, and it is believed that these are set into vihra- 
tton by the vibmtiona of the endolymph, and that the 
auditory nerve is stimulnted by their movement. 

The aemicircular canals of the labyrinth are supposed 
to have some function connected with the maiuteuance 
of the equilibrium of the body, as in disease or injury 
to these structures the power of balancing the body is 
often lost— Meniere's disease. 

Some think that they assist in determining the 
direction of sounds ; but the evidence is very strong 
that the direction of sounds cannot be determined 
except by moving the head, end so determining the 
manner in which they are hoard most distinctly. 

The cochlea ia believed to have the determination of 
tone or pitch as its special function. 

Helmholtz supposes that the organ of Corti represents 
a series of strings which are sevendly sot into vibration 
by notes of a certain pitch. If you open a piano and 
raise the dampers by putting down the pedal, and then 



sjieiilc into it, ynii ivill hrnr a repetition of tho sni'inls of 
llm voice echoed back from the strings ; this is Hue to 
tlie notes of the voice having produced vibrations of 
tliose etrin)>8 which produce the same notes, and of no 
others. Helmholtz compares the cochlea to such a sot 
of strings, and thinks that certain rods of Corti are set 
icto action hj certain sounds, and so stimulate certain 
ijerve-fibreB ivbich give rise to special kinds of sen- 

The use of the Tensor and Lasator Tynipani ie to 
adjust the tension of the uiembrana tympani. We 
liear higb notes best with it tight, and low notes with 
it loose. We tighten it when we expect very loud 
sounds of low pitch, and so protect the ear from ex- 
cessive vibrations. • 

The vibrations of sound are conveyed to the internal 
ear by the whole surface of the head, as well as the 
membrana tympani ; so that if deai'ness is due to de- 
struction or injury of the middle ear, sounds can stilL 
be heard by putting the soundin); body against the 
teeth, or by resting the head against a sounding-board; 
but when deafneps is duo to injury or disease of the 
internal ear, or nervous system, of course no aounda can 
be heard by such means. 

XXXII. — Generation and Development. 

The Uvum commences as a structureless cell, contain- 
ing a vesicular nucleus, called the Germinal Vesicle ; 
tliis contains a minute bright speck, the Germinal 
Spot. 

The ovum is inclosed in a thick transparent en- 
veloi>e, the Chorion, or, aa it is more frequently called, 
the Zona Pelluciita. 

The ova are developed in the Ovary. This consista 
of a fibrous spongy network, containing ova in vast 
numbera. I 
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lithe ndutt human fomale tho ova are found in 

lent stiigea lit clevelojitneiit. Tho man mature 

va are seen near tlio miiface of the ovary, and 

intained in a vesicle i;alted a Graafian Follicle. 

y contains one or mure ripe ova at a time, and 

a near tlie surface of tho gland, Beparated 

cavity of the peritoneum only by tlie tliin 

Rof tlie Gtoufiau follicle and tlie peritoneal covering 

^ ovary. 

I the catameninl period, usually a day or two before 
ft«ppearauee of the catamenia, a Granfiflu loilicle 
Mb, and an ovum passes into the Kullopiiin-tuiie. 
[.{oiliele llien becomes tilled with a small blood- 
he clot afterwards shrinks and becomps discoloured, 
a walla of the follicle thickened and corrugated ; 
f.saBUme a yellow colour, 

i degenerated follicle is about half an inch in 

iet«r ; it is colled a False Corptia Luteum, to dialin- 

u it fmra the corpus Intcum of pregnancy, which 

idled a 'I'l'Ue Corpua Luteum. 

The false corpus Inteiim begins to iliaappear at the 

end of three weeks, and at the end of two mouths its 

place is occupied by a very small sear. 

The unimpregnated ovum is discharged with the 
cata menial flux. 

The above series of changes are very much modified 
by the impregnation of the ovum, 

After iuipregnation, the corpus lutrum increases in 
size for two months, and then remains of its full aize 
UDtil the end of the sixth month, when it is nearly an 
inch in diameter : at the end of nine months it is still 
half an ineli in diumetcr, but has lost its yellow colour ; 
it then uppcura bs a slellnte cicutriK, 

As soon OS impregnation has occurred, the t 
liniug of the uterus becomes tliick, soft, and very v 



cnlar ; thia in, howoTor, only tho further development 
of a coii<Iition i?}iich occurs at each catiimeuiiil period. 

The tiihular gknds increase greatly in length, and 
pour out a fluid which iills the cavity of the wonsb, 
und is retained there by ou albuniinouB plug which ia 
formed in the cervix. 

The ovum, during its passage through the Fallopmn- 
tube, obtains a ehaggy villous coat — the Ftetal Chorion; 
and when it enters the uterus, it becomes attached to 
its wall. The glandular mucous membrane rises up 
around it, and buries it in its substance. 

The thickened mucous membrane is called Decidua 
Vera, and that part of it which surrounds the ovum is 
cidled the Decidua lieHcxa. 

llie ovum itself undergoes the following changes. 
It divides into a great number of spherules, and forms 
the mill berry-moss. The liquefaction of the centre of 
tJie mulberry-mass forms the vesicle called the Blasto- 
derm ; this then divides into the three layers — Epiblast, 
Meaohlast, and Hypoblast ; these changes have been 
already described.* 

A groove then forms in the epiblast alon^ the region 
which represents the back of the future embryo ; thia 
is the Dorsal Groove, It ultimately closes in behiud,. 
and forms the Neural Canal — the cavity for the brain 
and aplnul cord, Its epibhist cells become the future 
hrain aud spinal cord. 

The meaobliiat forma the various tissues of the body, 
aud the hypoblast the lining epithelium of the alimea- 
tary and respiratory organs. 

The growth of the embryo is due to nourishmeDt 
afforded by the mother. Thia is at first absorbed by 
the villi of the foetal chorion, afterwards by the 
Placenta. 

The whole (rf the ovum does not become converted 
* 8oep»ge8, 



imo the ombryo, but a portion is divided oIT from tho 
leet, and rBiiinips attached to tlie embryo by a fllondor 
pedicle ; this is the Yelk Sac ; the pedicle ia the 
Vitelline Duct 

The yelk sac contains a small amonnt of noiirish- 
meiit, which is absorbed by the first blood-vessels of 
the embryo — the Omphalo-Mcsenteric arteries aud 

The Allantois of the embryo is a papilla at first, 
which grows from the posteriur extremity of the rudi- 
ment of tho intestine. It receives two larye veasela 
from the aorta of the young embryo ; it enlarges into 
the sac of the allantois, and receives the excretion of 
the Wolffian bodies aud kidneys. A portion roinains, 
aa the urachus aud urinary bladder ; the greater part 
becomes involved in the placenta. 

The Wolffian bodies are two large glands which 
appear before the kidneys ; they are afterwards ab- 
aotbed. Traces of them only remain, the organ of 
Girald^, in the male, and the parovarium in the 
female, They do the work of the kidneys in tho 
primitive embryo. 

The allantois conducts two arteries from the aorta to 
the chorion ; those become the umbilical arteries. 

The placenta consists of a portion of the allantois, 
of that part of the clioiion with which it comes into 
contact, of the umbilical arteries and rein, and of the 
thickened decidua, now called the Decidua >Serotina. 

The capillaries between the fcetal arteries and veins 
ia the placouta form loops and dip into the great venous 
Binuses in the wall of the uterus. The maternal blood 
here bathes the fostal vessels, but is always separated 
&om the foetal blood both by the walls of the foital 
vessels aud the very thin walls of the uterine blood 
flinuses. 

lutci'changea take place between the mother and tha 
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cliild throngh these walla ; oxygen is Riven to, and 
carbonic acid is abstracted from, the blood of the 
fcelua; hence the placenta aervea the purpose of a luug- 
to the fcctiis. 

Nutrient material is aleo added to the ftcta! blood, 
and excrementitious eubstances, ns iirea, are withdrawn 
fiom it in the placenta, tlio upposite cbiuiges of euiusD 
happening to the maternal hlctud. 

The fact that the bloixl of the fcetiis is aerated in 
the placenta and not in the lung's, caiiaes the foetal 
circulntiou to diiTer considerably from that of the infant 
after birth. 

The hluod. leaves the placenta hy the nmhilical vein 
in a pure and oxidised ctindition; it pa&iea through 
the ductus venosus into the inferior cava. Fwin tlience 
it passes into the right auriele, but instead of ^oiiij; 
into the right ventricle, it is guided by a valve called 
the Eustachian valve through tlie foramen ovale, an 
opening in the septum of the auricles, iota the left 
auricle. It then passes into the lett ventricle by the 
contraction of the auricle ; the ventricle sends it into 
the aortic arch, from whence it is distributed by the 
brancbes of the aortic arch to the head and neck and to 
the upper extremities. 

It is returned from these parts by the superior Tena 
cava into the right auricle, and it passes the stream of 
blood from the placenta, from which it is separated by 
the Eustachian valve, without mixing with it, ami 
enters the right veutricloj the right ventricle sends 
the blood into the pulmonary artery, hut this vessel is 
im])erviou3 or nearly impervious beyond its bifurcation, 
80 that the whole or nearly the whole blood-stream 
passes through the ductus arteriosus into the descending 
oorttL 

The greater part then returns to the placenla, by tha 
Umbilical Arteiies, but « portioa is sent thiough tho 
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'%raTtebPB of the abdomina! aorta, and returns h 
Itbe terminal branchtte of the iuferiur 
with the plui^Qtal blood iti the inferiu 

The clianges which take place in tile circuiation i 
Ikirth are due to the closure of the umbilical arteriea a 
tittii.aDd the opeaing uf the capillary circulation through^ 

The obliteration of the cavity of the ductus arteriosu*^ 
Ib eSeeteJ in a few miuuti» by the contraction of itftl 
walls. 

The cloaiiro of the ductiiH renoaus and of the forameRiJ 
Ovale takes a, considerably longer time ; the latter U 
dosed permanently and entirety only after a few weeks || 
^e former becomes impervious very soon after t 
BOeain of blood from thn placenta is cut oS. 

The embryo during ita deyelopmeut is inclosed i 
Rouble aac, which contains the Liquor Amnii; this i 
IB developed from the outer layer of the blastoderm 6 
the embryo. It is called the Amnion. 

The growth of the uterus proceeds with the develop- 
maot and growth of the fwtiie. At the end of 2150 
days the fcetus is uormally expelled from the uterus by 
; the contraction of its walls. 

i After the birth of the child, the placenta becomes 
i detached from the wait of the uterus, by the rupture of 
I tiie walls of the uterine sinusos ; hcemorrhago from the 
mother is then only prevented by the cumpleto contrac- 
tion of the walls of the womK 

After childbirth, the walla of the womb undergo 
and the greater part of the muscular fibre 
but the uterus never again becomca ( 
as it was bcfoi^ the &tat piognonejr. 
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